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Ketoprofen Ibuprofen Placebo Acetaminophen Aspirin NAP
Subjects exposed N=1248 N=354 N=192 N=82 N=71 N=85
Adverse events Count (% |Sev|{Rel|Count |Sev|Rel|Count |Sev|Rel|Count |Sev|Rel)Count |Sev|Rel|Count Sev | Rel
(%) (%) (%) (%) (%)
4 of subjwithany |65 (5.2 |4 |28 |14¢a0) |4 |12|12(63) |0 |2 |0 0 1y o |1
adverse events
Cardiovascular |1 (0.1) 1
system
Hemorrhage 1(0.1) 1
Digestive system |10 (0.8) 3 94.7) 2
Diarrhea 1(0.1) 1
Flatulence 1(0.5)
Nausea 7 (0.6) 2 7 (3.6) 2
Vomiting 2(0.2) 1(0.5)
Nervous.system |23 (1.8) 6 |5(1.4) (3 (6 [3(1.6)
Dizziness 6 (0.5) 2 |54 |3 |5 |1(0.5)
Somnolence 14 (1.1) 3 1 (0.5)
Vertigo 1(0.1) 1 1 11(0.5)
Paresthesia 1(0.1)
N
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NDA 20-499. Bayer Corporation - Ketoprofen OTC (Appendix CZ)
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| Ketoprofen Ibuprofen Placebo Acetaminophen Aspirin NAP
Subjects exposed N=1248 N=354 N=192 N=82 N=71 N=85
Adverse events Count (% |Sev|Rel|Count |Sev|Rel|Count |Sev|Rel|Count |Sev|Rel|Count |Sev|Rel Count | Sev |Rel

(%) (%) (%) (%) (%)

# of subj with any |65 (5.2) 4 |28 (14200 |4 |12 12¢(63) |0 |2 |0 0 1(1.2) 0 |1
adverse events
Respiratory 3(0.2) 1(0.3) 1(0.5)
system
Pharyngitis 1(0.1) 1(0.5)
Rhinitis 2(0.2) 1(0.3)
Skin and 12 (1.0) 3 [13(40.1) 4 |5
Appendages
Rash 1(0.1) 1
Pruritus 1(0.1) 1 |1
Sweating 4(1.1) 4 |5
Veinimitation  |11¢0.9) |1 |11
Urogenital 5 11(0.5)
Polyuria 1(0.5)
Urine abnormality 5
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TABLE 3

Premature Termination Due to Adverse Events

Event Relation
Study Drug Consumer # (COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
KET §90-002 1037 Ear Pain None Two hours after molar extraction, the patient
6.25mg . spC discontinued from the study because of severe ear pain,
thought to be referred pain related to the surgical
procedure. The patient was treated with
acetaminophen 1000mg with relief.
KET $90-003 2007 Dizziness Probable | This 43-year old Caucasian female with a history of
12.5mg GJC {moderate) {both chronic sinusitis and headache took aspirin and Entex-
Headache events) LA for her symptoms prior to entering the study. The
{(moderate) consumer took KET {2 x 12.56 mg) on 2/12/91 to treat a
moderate headache. She experienced no relief with the
KET and developed sharp pains in her head and
dizziness following the KET dose. The consumer
stopped study drug and the AEs resolved the same day.
KET $90-003 2831 Dyspepsia Probable | This 37-year old Caucasian female took ibuprofen and
12.5mg MFR (moderate) aspirin for headache and menstrual cramps prior to
entering the study. The consumer took KET (4 x 12.5
mg) over a 5-hr period on 1/10/91 for a moderate
backache. The KET gave her fair relief from her
backache. On the same day {1/10/91) she developed
o~ dyspepsia for which she took TUMS. The consumer

stopped study drug and the dyspepsia resolved 3 days
post study.
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Event Relation
Study Drug Consumer # (COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
4
KET N $90-003 2925 Dizziness Probable | This 44-year old Caucasian male took aspirin for
12.5mg MAS {(moderate) {both headaches prior to entering the study. He also was
Vasodila- events) taking allergy shots for allergic rhinitis. The consumer
tation took KET {2 x 12.5 mg) over a one-hour period for
{(moderate) moderate muscular aches. The KET provided fair relief
of his symptoms. On the same day (1/31/91)} he
experienced dizziness and hot flashes within 1 hour
after the second dose. He took diphenhydramine for
these symptoms. Consumer stopped study drug and
AEs resolved one day post study.
KET S90-003 3309 Nausea Probable | This 24-year old Hispanic female took acetaminophen
12.5mg _RM (moderate) for headaches prior to entering the study. This
consumer took KET (1 x 12.5 mg) once a day for 2
days for moderate backache. The KET gave her no
relief from her backache. On the second day (1/24/91)
the consumer developed nausea after dosing. The
consumer stopped study drug and the nausea resolved
the same day. :
KET $90-003 4417 Nausea Possible This 27-year old Caucasian female took ibuprofen for
12.5mg FFL (moderate) headaches prior to entering the study. She has a
TN history of pharynagitis, sinusitis, allergic rhinitis,

persistent URI, Gl disease and back pain. The consumer
took KET (3 x 12.5 mg) over a 4-hr period on 1/10/91
for moderate backache. The KET offered poor relief,
After taking the KET the consumer experienced nausea
for which she took Anacin-3. The consumer stopped
study drug and the nausea resolved the same day.

710 u@joadoilay - uorieaodio) 1sLeg ‘665-07 VAN

(€2 xtpuaddy)

7 23eg



221

Event Relation
Study Drug Consumer # {COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
KET $90-003 5016 Dyspepsia Possible | This 59-year old Caucasian female took ibuprofen and
12.5mg DBM {moderate) aspirin for headache and arthritis prior to entering the
study. She also has a history of hypertension and
stomach discomfort. The consumer took KET (3 x 12.5
mg) over a 4-hr period on 1/23/91 for moderate arthritis
pain. The KET offered no relief. After taking the KET
the consumer reported stomach discomfort. The
consumer stopped study drug and the stomach
discomfort resolved one day post-study.
KET $90-003 6512 Myalgia Remote This 47-year old black female took ibuprofen, aspirin
12.5mg {(severe) and acetaminophen for myalgia prior to entering the
study. She also has a history of depression. The
consumer took KET {2 x 12.5 mg) over a 4-hr period on
2/8/91 for moderate muscular aches. The KET offered
no relief. The consumer developed myalgia of chest,
flank and abdomen after taking KET which resolved
when consumer stopped study drug.
KET $90-003 6520 Amblyopia Possible This 63-year old Caucasian female took aspirin,
12.5mg BRS {severe) {both ibuprofen and acetaminophen for myositis prior to
Headache events) entering the study. She also has a history of IDDM,
(Severe) hypothyroidism and diabetic retinopathy. The consumer
TN took KET (10 x 12.5 mg) over 3 days for moderate

muscular aches. The KET offered fair relief. On Day 2,
the consumer developed blurred vision and a headache.
The headache was treated with aspirin. The AEs
resolved when consumer stopped study drug.
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Event Relation
Study Drug Consumer # {(COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
KET $90-003 6609 Nausea Probable | This 74-year old Caucasian female took acetaminophen
12.5mg IEB (severe) (both for backache prior to entering the study. She also has a
Abdominal events) history of hypertension and hypercholesterolemia. The
pain (severe) consumer took KET {1 x 12.5 mg) on 1/8/91 for severe
backache. The KET offered good relief. The consumer
developed nausea and abdominal pain which subsided
after study drug was stopped. The consumer has
reported similar reactions to aspirin in the past.
KET S90-003 7329 Diarrhea Probable | This 45-year old Caucasian female took aspirin for back
12.8mg LKC (severe) {both pain prior to entering the study. She also has a history
Dyspepsia events) of arthritis, migraine headaches and sinus infections.
{moderate) The consumer took KET (8 x 12.5 mg) over 7 days for
moderate arthritis. The KET gave her good relief. On
Day 6 (1/30/91) consumer began experiencing diarrhea
and indigestion. Study drug was stopped on Day 7 and
AEs resolved one day later. N
KET S90-003 7450 Abdominal Possible This 19-year old Caucasian male took ibuprofen for
12.5mg KJT Pain headaches prior to entering the study. He took KET {1
{moderate) x 12.5 mg) on 12/31/30 to treat a moderate headache
and got no relief. After taking study drug, the
consumer had abdominal pains. Consumer stopped
H”\ study drug and took acetaminophen for headache and
B abdominal pain. The AE resolved on 1/1/91.
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Event Relation
Study Drug Consumer # {COSTART) to Study
Dose Study # Initials {Severity) Drug Comments
KET $90-003 10655 Dyspepsia Possible This 39-year old Caucasian male took acetaminophen
12.5mg TLC (moderate) for headaches prior to entering the study. He took KET
{1 x 12.5 mg) on 3/10/91 to treat a moderate headache
and got no relief, After taking study drug, he
experienced stomach irritation which resolved thu_ same
day after stopping study drug. Acetaminophen was
taken to relieve headache.
KET $90-003 12301 Abdominal Probable | This 39-year old Hispanic female took ibuprofen for
12.5mg RP Pain headache and menstrual cramps prior to entering the
{moderate) study. At the time of study entry, the consumer had a
moderate upper respiratory infection for which she was
taking astemizole and cefaclor. She also took KET {8 x
12.5 mg) over 2 days to treat this condition and got fair
relief from her symptoms. On the second day of study
drug (12/19/90) the consumer had burning in her
stomach which she treated with Gaviscon. The AE
resolved the same day after stopping study drug.
KET S90-003 12837 Vasodila- Possible This 32-year old Caucasian female took acetaminophen
12.5mg KEL tation for headache and cramps prior to entering the study.
{moderate) On 2/20/91, the consumer took KET (2 x 12.5 mg} for
Nervousness moderate menstrual cramps and got fair relief from her
AN (moderate) symptoms. After taking study drug she experienced

flushing and shakiness which resolved the same day
once study drug was stopped.

621

710 u2joadoley — uorleaodiao) 19hkeg ‘66%-0¢ VAN

(gD x1puaddy)

¢ 23eg



Event Relation
Study Drug Consumer # {COSTART) to Study
Dose Study # Initials {Severity) Drug Comments
KET S90-003 14322 Abdominal Possible This 22-year old Caucasian female took ibuprofen for
12.5mg MEF Pain headache and muscle aches prior to entering the
{moderate) study. On 1/27/91 she took KET {3 x 12.5 mg) over a
3 1/2 hr period for moderate muscular aches, and got
poor relief from her symptoms. After taking study
drug, the consumer experienced abdominal pain which
resolved the same day.
KET $90-003 14815 Taste Probable This 26-year old Caucasian female took ibuprofen for
12.5mg RRZ perversion muscle aches prior to entering the study, On 2/9/91
{mild) she took KET (1 x 12.5 mg) for moderate muscle
aches and got no relief. After taking study drug, she
had a bad taste in her mouth which resolved the day
after stopping study drug.
KET $90-003 15423 Nausea Possible This 36-year old Caucasian male took acetaminophen
12.5mg MSB {severe) for headache and muscle aches prior to entering the
study. He took KET 6 x 12.5 mg) over a 2-day period
for moderate backache, and got fair relief from his
symptoms. On the second day of study drug
{1/31/91) the consumer reported nausea which
resolved the next day.
R
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Event Relation
Study Drug Consumer # (COSTART) to Study
Dose Study # Initials (Severity) Orug Comments
KET $90-003 16201 Dizziness Dizziness This 40-year old Caucasian female took
12.5mg JLC (moderate) {possible) acetaminophen for back pain prior to entering the
Somnolence Somno- study. She took KET (4 x 12.5 mg) over a 7-day
{mild) lence period (12/20 - 12/26/90) far moderate muscular
(probable) | aches, with fair relief from her symptoms. On the first
: day (12/20/90) she reported dizziness and a "dopey
feeling™ which resolved when study drug was stopped
on 12/26/390.
KET S$90-003 17409 Dizziness Dizziness This 34-year old Caucasian female took ibuprofen for
12.6mg DTW (severe) {possible) headaches and cramps prior to entering the study.
Nausea Nausea She took KET (9 x 12.5 mg} over a 4-day period for
{moderate) (probable) | moderate menstrual cramps, with fair relief from her
Peripheral Peripheral | symptoms. On the second day of study drug
edema edema {1/23/91) she experienced dizziness, nausea and
{(moderate) {remote) thirst. On Day 3 {1/24/91), she developed peripheral
Thirst Thirst edema. All AEs resolved 3 days after stopping study
(severe) {remote} drug.
KET $90-003 17414 Dyspepsia Possible This 34-year old Caucasian female took flurbiprofen
12.5mg VCS (mild) {both and ibuprofen for menstrual cramps prior to entering
Dyspepsia events) the study. She took KET (14 x 12,5 mg) over a 4-day
{(moderate) period for severe menstrual cramps, with fair relief
— from her symptoms, On Day 2 of study drug

{2/11/91) she experienced mild G| upset which
became moderate on 2/13/91, She took Rolaids for
the Gl upset on 2/13-14/31. Study drug was stopped
on 2/13/91 and the Gl upset resolved by 2/14/91.
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Event Relation
Study Drug Consumer # {COSTART) to Study
Dose Study # Initials {Severity) Drug Comments
KET $90-003 17508 Abdominal Remote This 22-year old Caucasian female took ibuprofen and
12.5mg MAB Pain {mild) acetaminophan for headache and menstrual cramps
prior to entering the study. On 1/6/91 the consumer
took KET {1 x 12.5 mg) for a moderate headache with
‘ no relief. The next day the consumer reported stomach
cramps lasting 1 day and also took acetaminophen for
headache relief on this day (1/7/91). The consumer
reported having "stomach trouble” in the past.
KET $88-002 186 Palpebral Probable | The patient experienced an allergic reaction consisting
12.5mg I-R edema, {all of moderate palpebral edema lasting 105 minutes;
Itching of events) moderate itching of throat and eyes lasting 55 minutes;
throat and moderate bilateral conjunctivitis lasting 100 minutes;
evyes, and a moderate coarse voice lasting 85 minutes. The
bilateral drug code was broken and the patient was discontinued
conjunctiviti from further hourly assessments. These adverse effects
s, coarse were thought to be related to the study medication,
voice (All Patient was treated with benadryl 50mg i.m. with
events: improverment in symptoms. Vital signs were normal.
moderate) Patient reported a similar reaction (consisting of eye
edema) with a prior use of ibuprofen.
KET 0287 139 Cerebral None The patient was hospitalized but died three days after
™2.5mg c-Y Pressure, an intake of 25mg ketoprofen of an intracranial
Bleeding, hemorrhage caused by metastasis of a previously
Coma unknown melanoma. There was no causal relationship
(all events: to study drug. The headache caused by the increased
severe) intracranial pressure was misdiagnosed as a tension-

type headache.
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Event Relation
Study Drug Consumer # (COSTART) to Study
Dose Study # Initials {Severity) Drug Comments
KET 25mg S90-004-02 2028 Cervix None This patient had moderate squamous dysplasia on
L-R Disorder cervical biopsy which was reported 15 days after
{Moderate) stopping ketoprofen 26mg. The patient was
‘ referred for calposcopic evaluation and follow-up.
Placebo' S92-012-02 2032 Surgery None The patient had a breast biopsy {3/1/93) which
: AMW (Severe) showed malignancy. A mastectomy was performed
on 3/8/93-eleven days after taking cycle 2 study
drug (placebo). The patient began chemotherapy on
4/2/93. The patient reported all of these events on
4/8/93.
|y

D10 uajoadolay — uoIIei0dio) idkeq ‘66%-07 VAN

(€0 xTpuaddy)

6 93eg



rel

Study Drug
Dose

Study #

Consumer #
Initials

Event
(COSTART)
{Severity)

Relation
to Study
Drug

Comments

IBU
200mg

$90-003

1319
EM

Diarrhea
{(moderate)
Abdominal
pain
{moderate)

Probable
{both
events)

This 41-year old Caucasian female took ibuprofen for

muscle aches and headaches prior to entering the study.

On 1/5/92 the consumer took 1BU (1 x 200 mg) for a
mild headache with fair relief. She reported diarchea
with stomach cramps and pain after taking study drug.

The consumer has a history of irritable bowel syndrome.

She stopped study drug after 1 dose and the AEs
resolved the next day. Acetaminophen was taken on
1/6/91 for headache.

IBU
200mg

$90-003

2011
ESN

Face edema
{mild)

Probable

This 73-year old Caucasian female took aspirin for
arthritis pain prior to entering the study. She has a
history of hypertension and pancreatic insufficiency.
From 1/24/91 to 1/30/91 the consumer took IBU (22 x
200 mg) for mild arthritis pain, with good relief of
symptoms. On Day 6 of study drug (1/28/91} the
consumer reported eyelid swelling. Study drug was
stopped on 1/30/91 and the AE resolved 6 days post
study (2/5/91).

IBU
200mg

$90-003

3340
DS

Rash (mild}

Probable

This 26-year old Hispanic female took ibuprofen for
headaches prior to entering the study. On 1/24/91 the
consumer took [BU (1 x 200 mg) for a moderate
backache with poor relief of symptoms. She developed
a slight facial rash after taking study drug. N,
Hydrocortisone ointment was used, study drug was
stopped and the rash disappeared the same day.
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Event Relation
Study Drug Consumer # (COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
IBU S80-003 3903 Nausea Probable | This 34-year old Caucasian female took ibuprofen,
200mg JKW {moderate) {both acetaminophen and Darvocet for headaches prior to
Vomiting events) entering the study. She has a history of asthma,
{moderate) eczema, mitral valve prolapse and allergic rhinitis. On
12/21/90 the consumer took IBU (2 x 200 mg) within
half an hour for a moderate headache with no relief.
After the first dose, nausea was reported; vomiting
occurred 1/2 ‘hour later when the second dose was
taken. Study drug was stopped. AEs resolved the
same day and acetaminophen was taken to relieve the
consumer’s headache.
18U $90-003 10537 Nausea Possible | This 40-year old Caucasian female took ibuprofe) for
200mg DJT (moderate) (both headache and backache prior to entering the study. On
Vasodil- events) 1/31/91 she took IBU (2 x 200 mg) for a moderate
atation backache with no relief. After taking study drug she
(moderate) experienced nausea and warm flashes. Study drug was
stopped, and the AEs resolved the next day (2/1/91).
The consumer took ibuprofen on 2/1/91 for relief of
backache.
IBU $90-003 11001 Constipation | Remote The 72-year old Caucasian female took acetaminophen
200mg VMH (severe) for "aches and pains” prior to entering the study. She
N has a history of arthritis and hypertension. From

12/28/90 - 1/5/91 the consumer took 1BU (23 x 200
mg) for moderate arthritis pain with fair relief of
symptoms. On Day 7 (1/3/91) the consumer reported
constipation. Study drug was stopped on 1/5/91,
glycerin suppositories were used for the constipation
and it resolved 3 days post study.
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Event Relation
Study Drug Consumer # {COSTART) to Study
Dose Study # Initials (Severity) Drug Comments
18U S90-003 15418 Dyspepsia Probable | This 23-year old Caucasian female took ibuprofer for
200mg LLK (mild) headache prior to entering the study. She has a history
of migraine. On 2/2/91 the consumer took {BU {6 x
200 mg) over a 6 1/2 hr period for moderate menstrual
cramps with fair relief. She reported indigestion after
taking study drug. Study drug was stopped on 2/2/91
and the indigestion resolved that same day. Rolaids
were taken for relief of indigestion.
IBU $90-003 16002 Pain Probable | This 43-year old Caucasian female took ibuprofen for
200mg EB Flatulence (all muscle aches prior to entering the study. She has a
Dyspepsia events) history of gastritis, costochondritis, headaches and
{all events) depression. On 2/9/91 the consumer took 1BU (4 x 200
mg) over a 5-hr period for moderate muscular aches
with fair relief. After taking study drug, the consumer
reported an upset stomach, cramps and gas. Study
drug was stopped on 2/9/91 and the AEs resolved that
same day.
N
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Event Relation

Study Drug Consumer # (COSTART) to Study

Dose Study # Initials (Severity) Drug Comments

iBuU $90-003 11015 Abdominal Probable | This 62-year old Caucasian male took aspirin and

200mg REM pain (mild) ibuprofen for arthritis prior to entering the study, On
1/17/91 - 1/18/91 the consumer took IBU {3 x 200 mg)
for moderate arthritis pain with fair relief of symptoms.
On 1/17/91 the consumer reported stomach cramps.
Study drug was stopped on 1/18/91 and AE resolved
the same day.

iBU S90-003 13705 Dizziness Probable | This 33-year old Caucasian female took Excedrin and

200mg NSO {mild) acetaminophen for headaches prior to entering the
study. The consumer had history of lightheadedness
when taking ibuprofen. On 1/17/31 the consumer took
IBU (2 x 200 mg) within 1 1/2 hours for a moderate
headache with fair relief. After taking study drug, she
became lightheaded. Study drug was stopped on
1/17/91 and the AE resolved that same day.

IBU §90-003 13806 Dyspepsia Possible This 27-year old Caucasian female took aspirin for leg

200mg CD {moderate) pain and headache prior to entering the study. On
1/21/91 she took IBU (3 x 200 mg) within 7 hours for a

mild headache with fair relief. The same day, she
reported an upset stomach. Study drug was stopped
on 1/21/91 and the AE resolved the next day.
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Event Relation
Study Drug Consumer # (COSTART) to Study .
Dose Study # Initials (Severity) Drug Comment§
1BU S$90-003 14804 Dyspepsia Possible This 34-year old Caucasian female took aspirin and
200mg JCM {mild) acetaminophen for headaches prior to entering the
study. At the time of study entry she had a sinus
infection and was taking amoxicillin and Guaifed. On
1/13/91, the consumer took IBU {1 x 200 mg) for a
moderate headache. She reported an upset stomach
after taking study drug. The consumer stopped study
drug and the upset stomach resolved the same day
{1/13/91). The consumer was considered a drop-out
because she stopped treatment of the first event
because of an AE. In violation of protocol, the
consumer treated a second event before terminating the
study on Day 9.
1BU S90-003 14813 Abdominal Probable | This 67-year old Caucasian male took acetaminophen
200mg FM pain for arthritis prior to entering the study. The consumer
{moderate) also has history of hypertension. On 2/11/31, he took
IBU {2 x 200 mg) within 4 hours for moderate arthritis
pain with good relief. The consumer experienced
stomach distress after taking study drug. Drug was
stopped and AE resolved the same day.
IBU S$90-003 14938 Dyspepsia Probable | This 30-year old Caucasian male took aspirin,
“200mg : RJH (severe) acetaminophen and ibuprofen for headache and back

pain prior to entering the study. From 12/29/80 -
12/30/90 the consumer took IBU {3 x 200 mg) for
moderate muscular ache with good relief. On 12/29/80
the consumer reported heartburn, Study drug was
stopped on 12/30/90 and the heartburn resolved on
12/31/90. ‘
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Risks of bleeding peptic ulcer associated with individual
non-steroidal anti-inflammatory drugs

M J S Langman, S Weil, P Wainwright, D H Lawsan, M D Rawlins, 1. F A Logan, M Murphy, M P Vessey, D G CSlin-Jones

Summary

Treatment with non-steroidal anti-inflammatory drugs
{NSAIDs) is associated with an increased risk of peptic ulcer
complications, but itis not clear whether some drugs are more
likely than others to cause such complications.

We compared previous use of NSAIDs in 1144 patients
aged 60 and older admitted to hospitals in five large cities with
peptic ulcer bleeding and in 1126 hospital controls and 989
community controls matched for age and sex. Peptic ulcer
bleeding was strongly associated with use of non-aspirin
NSAIDs of any type during the 3 months before admission
{411 cases, 351 controls; odds ratio 4-5 {95% Cl 3-6 to
5-6]). The odds ratios for peptic ulcer bleeding were lowest for
ibuprofen (2-0 {1-4-2-8]) and diclofenac {4-2 [2-6-6-8]).
and intermediate for indomethacin, naproxen, and piroxica?n
(11-3 [6-3-20-3), 9-1 [5-5-15-1], and 13-7 {7-1-26-3]}).
Azapropazone and ketoprofen carried the highest risks (31-5
{10-3-96-9] and 23-7 [7-6-74-2]). Risks also increased
with drug dose (low dose 2-5 {1-7-3-8}, intermediate 4-5
(3-3-6-0], and high 8-6 [5-8~12-6]) for all drugs combined.

Appropriate clinical strategies could preveat many
episodes of peptic ulcer bleeding: NSAIDs should be used only
in patients who do not respond to other analgesics; the lowest
possible doses should be used; and the least toxic NSAIDs
should be selected.

Lancet 1994;343: 1075-78
See Commentary page 1051
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Introduction

Treatment with non-steroidal anu-inflammatory drugs
(NSAIDs) is associated with liability to peptic ulcer
complications.*-* Individual risks are low, of the order of 1
episode for every 10 000 NSAID prescriptions issued to
people of 60 and older in the UK. However, because many
such prescriptions are issued, there are many episodes:
about two-thirds of the estimated 35004000 treatment-
assoqated episodes can be atribured to treaunent. These
findings are consonant with the number of serious adverse
reaction (yellow card) reports, to the UK Committee on

Safery of Medicines.®

The reasons for individual reactions are unclear. Some
clinical data and reports of suspected adverse reactions
suggest that there may be large differences in individual

NSAID roxicity,>** whereas others indicarte that there may
be no substantial differences.?*

. Interpretadon of findings is difficult. Spontaneous
reports cannot be assumed to reflect accurately the
frequency of adverse reactions in the community, and data
collected in computerised prescription data-bases will not
conuain information about concurrent non-prescribed
NSAID use or about potental confounding factors.
Experimental clinical data, predominantly on endoscopic
abnormalities in younger individuals, may have litle

. relevance to serious discase in older people. We have carried

out a large casc-control study in which we compared
previous anti-inflammatory drug use and various putative
risk factors in older people admitted to hospital with pepac
ulcer bleeding and in martched hospital and community
controls.

Patients and methods

Padicats aged 60 and older with confirmed diagnoses by endoscopy
or at operation of acute upper gastrointestinal bleeding duc to
gastric or duodenal ulceration admitted to hospiuls in Glasgow
(200 patients), Newcastle (124), Norrngham (506), Oxford (143),
and Portsmouth (170) between 1987 and 1991 were questioned by
trained research associates. Standard questionnaires were used to
seck denails of all previous drug intake, whether prescribed or
self-administered, and various other features including smoking
habirts, alcohol consumption, and history of gastointestinal
discase. Drug histories volunteered were compared with those
recorded in hospital notes and by gencral practitioners where
obtainable.

Each patient was matched wherever possible with 2 controls of
the same sex and age (within 5 years) who were asked the same

" questions by the same research associate in relation to the period

before the interview. 1 control was a hospiul control, chosen from
among acute medical inpatients (excluding those with acute
myocardial infarction, acute rheumatic diseases, and acuve non-
bleeding ulcers). c second control for cach case was 2
community controfy selected from the register of the same general
practitioner as the case—the next person of the same sex and 2g¢
(within 5 years) on the alphabeticallty ordered register. An
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% of group Cases Hosplital Cammunity 0Qdds ratio
P — S coagrols contraly {95% Cu)-
{n=1144) controis controls AzapeoozIonz 22 2 2 315(10 3-9%6 91
(n=1126) {n=983) Oiclotens: 71 30 3t 12(26-68)
Tbuprofen 88 61 75 20(14-28)
} . 5
Male 55-4 55-3 56 n 57 16 14 11:316-3-20 3)
Aged (yr) Ketoprofen 31 2 4 23-7{716-74 2)
60-69yr 344 342 336 Naprocen 90 23 21 8 1{5-5-151}
10-19yr 392 406 407 Piroxicam 57 13 11 13-7(7-1-26 3)
280y 261 250 756 Anty non-252itn r?gn a1 169 182 4-513.6-56)
4 o 4 t- -
p— . Not on NSAIO of dspiriat 457 807 657 10
& ] 221 18-7 229 *A% 0dds ratios from unconddional logistic regression modef with terms for aspinn use,
] 513 52-7 586 SMOIGNE. J1cohol, previous peplic ulcer, and histocy of dy ia_ Foc azap o obtain
(2 20-1 232 171 convergence. aspinn use was not included. tRelerence category.
Home clrcomstances . Table 3: Risks of uicer complications associated with individual
AL home slone 305 330 292 non-asplrin NSAID use during previous 3 months
Al home with spouse 41-7 41-4 50-4
Shettered accommodation 78 10-3 6-1 i . ) .
With home heip 1718 283 10-6 The diagnosed site of the bleeding ulcer was gastricin 506
Risk factors patients and duodenal in 547. 52 had combined gastric and
Current smoker* 283 217 223 duodenal ulcers, 5 had combined bleeding and perforated
Current °“f‘f‘:" ;g:; ;g:; ;::: ulcers, and 11 had perforated but non-bleeding ulcers (4
Rheomatoid acthvitis 57 26 22 gastric, 7 duodenal). The remaining 23 had no evidence of

*Smoking 3t least one cigacetie dady. tDrnkdng at least 7 units of aicohol per week.
Table 1: Demographlc characteristics of cases and controls

interview with the community control was requested by lewer, and,

if necessary, by 2 second letter. Approval was given by local ethics
committees.

To adjust for confounding factors, unconditional logistic
regression was carried out with SAS software. Results for each
non-aspirin NSAID were individually adjusted for: previous
history of proven pepdc ulcer discase, history of dyspepsia,
smoking, and alcohol intake. Age and sex were not found to be
confounders. Statistical significance tests for comparison of
logistic regression models were based on the difference between
— 2 log likelihood scores. The reference category for all odds ratos
was cases and controls not exposed to non-aspirin NSAIDs or
aspidn.

For analyses of risk according to drug dose, categories were
defined oa the basis of recommendations in the Brirish National
Formulary (cut-off points for low, medium, and high dose
categories for azapropazone <600, 600899, =900 mg/day;
diclofenac and indomethacin <75, 75-149, =150 mg/day;
ibuprofen <1200, 1200-1799, »: 1800 mg/day; ketoprofen <100,
100-199, > 200 mg/day; naproxen < 500,500-999, 2> 1000 mg/day;
piroxicam <10, 20, > 30 mg/day).

Inidal calculations suggested that if, as seemed likely, the bulk of
prescribing was limited to four or five individual NSAIDs, 2 study
of 1200 patients and their controls bad & power of 809, to detect
risks differing by three-fold between the drugs.

Results

We questioned 1144 patients, 1126 hospital controls, and
989 communirty controls. Cases and controls were generally
well matched for social class and circumstances (table 1).
Cases were slightly more likely than controls to be current
smokers or drinkers and to have rheumatoid arthrids
self-classified as active; there was no difference for
osteoarthrids.

peptic ulceration and were excluded from further analyses.

Non-aspirin NSAIDs were taken at some time in the 3
months before admission by 411 (36-7%) of the cases, and
in the 3 months before interview by 169 (15-0°%) of hospital
controls and 182 (18-4%,) of community controls.

Data were primarily assessed on whether subjects
themseives said they had been taking the drug in question,
but when possible this information was checked against
hospital and general practice records. The information
came from the patient and at least one other source in 338
(82%), from the patient only in 27 (7%), and from general
practice or hospital records only in 46 (11%). The
corresponding figures for hospital controls taking NSAIDs
were 138(829%,), 19 (119%),and 12(79%,). For the community
controls no hospital records were used and the information
came from the patient and general practitioner notes in 124
(69%) and from the patient alone in 58 (319%;,).

Marched analyses were possible in only 836 of the 989
complete triplets because the codes detailing matching were
stolen from a researcher’s car. Matched analyses examining
the association between the intake of any non-aspirin
NSAID and ulcer complicadons gave an odds rado of 3-5

) (95% CI 2-4-5-3) with 1:2 matching for dichotomous

exposures, whereas an unmatched analysis gave an odds
ratioc of 3-8 (3'1-4-5) compared with hospital and
community controls combined (table 2). There was also a
significant association of ulcer complications with aspirin,
but not with paracetamol use. Qdds ratios for matched and
unmatched analyses agreed closely, but confidence
intervals were wider for matched analyses because of the
smaller numbers. All subsequent analyses were done with
the combined control groups unmatched.

Six NSAIDs (aspirin, diclofenac, xbuprofcn,
indomethacin, naproxen, and piroxicam) were cach taken
during the 3 months before admission by at least 50 cases

Drug use In previous 3 mo Cases Hospital controls controts 0dds ratho (95% Ci)t

e (n=1121) {n=1126) (n=989) Matched py ted
Any non-aspirin NSAID*® 411 169 182 3-5(2-4-5-3) 3-8(3-1-4-5)
Aspirint 324 175 179 3-1(2:0-4-8) 2:9(2:4-3-5)
Paracetamol (no NSAD) 140 229 199 1-1(0-7-1-7) 1-1(0-8-1-3)
N NSAID ox aspiring 457 807 657 L, 1-0 10
“Mrespective of concurrent aspiin use. - K

Tirespective of concurrent non-2spirin NSAID use.
tFor cases vs bined
Reference category.

s; unmatched analysis by crossed odds ratios.

Table 2: Risks of ulcer complications assoclated with drug use duriag previous 3 mo
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Odds atlo (95X C1)

A 8 c 0

Drclofenac ¢e({27-73) 36(18-72) 137(22-63) 3561(75-169-8)"
Ibupcoten 18(12-27) 11{06-19) 15(10-23) 43{i6-11-8)°
tndomethacin 12 2(6-6-22 4) 12-8(5 4-30'5) 10-8(5-5-21-2) 122{2:8-527)°

Nagprosen 98(58-16-5) 58(30-114) 10:0(56-177) 148(36-602)
Puosicam 13-1(6-8-25 S} 18-0(7-2~45-0} 13-6(6-9-270) 21 6(22-213 5)°
Any non- 4-8(3-8-60) 3-8(29-5-1) ¢4(3-4-55) 96(55168}
Fspirins NSAID

Uncondiional Iogistic regression mode! with terms for aspiin use, smoking. 3iconal, previous
peptic uicer, mddyspepsu Aso-dnomued mmeswwgm

A =taken in p pective of laim, sty or with other non-aspirin
NSAIDs.

B-QMnmmdmumduseamsm

C = taken in previous sonth, ive of whether taken pe sly ding those taking a
second non~aspirin NSAID. -

D =started in previous sonath.

Table 4: Rlsk.s of ulcer complications assoctated with use of
selected non-asplrin NSAIDs In previous month according to
duration of use and other concurmrent NSAID use

and two (azapropazone and ketoprofen) were taken by more
than 20 cases each. No other NSAID was taken by more
than 10 cases. The odds rados for ulcer complications
associated with the seven most commonly taken non-
aspirin NSAIDs varied more than ten-fold from the highest
(azapropazone and ketoprofen) to' the lowest (ibuprofen;
table 3). All risks werc significantly greater than 1.
Subsdrudon of NSAID use in the previous month
(irrespectve of duration) did not substandally alter the
risks (table 4, column A). Nor did odds ratios differ much
among long-term users (column B) or when we excluded
individuals who had taken both the relevant NSAID and
another non-aspirin NSAID (column C).

Risks were generally greater among subjects who had
started taking a NSAID during the previous month
(table 4, column D). For the drugs combined, risks were
significantdy greater among those who had started a
non-aspirin NSAID in the previous month than in those
who had taken one both in the previous month and in the

. past year.

Amoag subjects who took a non-2spirin NSAID dunng
the previous month risk increased with dose (table 5).

There were no consistent differences in risks associated
with bleeding from gastric (odds ratio 4-0 {3-1-5-3)) or
duodenal (4-7 {3-5-6-1)) ulceration for overall non-aspirin
NSAID use or the five most frequently used NSAIDs. The

Oose* Cascs

Controls Odds ratlo
(5% it
Low 63 88 25(17-38)
Megium 194 163 45(33-601
High 147 7 63 B6(58-12 6}
Not on NSAID or aspirint 457 1164 10
“Foc gefini of dose ¢ see s secuon.

1006ds ¢atias by unconditional Iogistic (EEresson controRing 1o 3spinin use, aicohol, smoking.
previous peplic uicer disease, and dyspepsia.
tReference category.

Table 5: Risks of ulcer complications assoclated with use of
noa-aspkin NSAIDs within previous month according to dose

same was true for aspirin (gastric ulcer 3-3 [2-54-4);
duodenal ulcer 3-1 {2-3—4-2]). Paracetamol use was not
associated with either gastric or duodenal ulcer bleeding.

Odds ratios for ulcer complications associated with |
NSAIDs did not differ substandally between age groups in
the study (4-2 [2-7-6-4] for age 60—69; 44 [3-1-6-2] for age
70-79; and 4-8 [3-2-7-3] for age 80 or older).

Discussion

We have shown that in patients with bleeding ulcers there
are clinically important differences in exposure rates to
various NSAIDs. None of the NSAIDs for which we have
sufficient data was free of risk. The risks could be calculated
in two ways. First, resules for each drug could be compared
with the full set of other data, whetheror notother NSAIDs
or aspirin were taken concurrently. Second, the comparison
could be restricted by contrasting findings for each
individuat drug with those for non-takers of other NSAIDs
oraspirin.

The first method would be appropriate if only one agent
were associated with risk but is inappropriate when several
agents act as risk factors. The second method allows the
selection of one particular drug so that takers of this drug
<an be contrasted with an appropriarte base of non-takers of
other non-aspirin NSAIDs. Its use gives higher (but
appropriate) odds ratos, because takers of other NSAIDs
have been removed from thc “non-exposed’ comparison
group.

This study is one of the largest so far and therefore
confidence intervals around estimates of risk are small. The
darta give consistent conclusions with similar rank orders for
tisk whether drug exposure was of short or long duradon.

Adjusted for non-prescribed deug wee and soclal habits

No data 0a non-prescribred deugs, social
habits, of bath

internationat'* New Zealand™ Spain® e Raly™ Australia® Canada* ne UK usa?
Oeug
Azapropazrone .. .. .. 315 .. .. .. . 234
Diclofenac 0-9/2-4t 33 79 4-2 4-4 17 4.0 .. 39
Diftunisal .. .. .. .. 1-0 . .
Fenoprolen .. .. .. .. .. .. .. 29 43
Buprolen 1-0 19 . 20 - o7 . 10 6-3 23
Indomethacin . 139 49 11-3 92 25 51 4-1 54 38
Katoprofen .. . 26 237 36 .. 31
Mecloferamate .. .. . . . . .. 180 87
Naprozen 4-0/12-0t 51 65 91 .. 28 38 27 . 43
Pirozicam . 66 19-1 137 77 48 42 65 . 6-4
Sufindac . 36 . 21 31 _ 42
Tolmetin .. .. .. . . 85
Total non-aspida NSAID  .74/501 - ~ 205 125 411 97 252 685 80 247 465
Controls
Hospital Yest Yes Yes Yes Yes Yes No Yes No No
Poputation Yest No No Yes No Yes Yes Yes Yes Yes

*This stdy. 1Gastric/duodenal uicers. tOne of the other according to study site.

Table 6: Risks of ulcer complications or gastrointestinal hospital admisslon assoclafed with non-asplrin NSAIDs In case-control

studies
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Similar pauerns were seen for gastric and for duodenal
ulcer and for various age groups. The results cannot be
explained by the operation of confounding influences;
allowance for concurrent aspirin or other NSAID intake,
smoking habits, alcohol consumption, or previous peptic
ulcer disease did not substantially change the findings. We
have previously failed to find evidence that smoking,
alcohol consumption, poor social drcumstances, or a
history of ulcer affect the risk of NSAID-associated ulcer
bleeding.” Recall or interviewer bias seefn unlikely because
there was good concordance between question outcome and
hospital or practitioner records of drug prescribing. We are
led to believe that non-steroidal anti-inflammatory activity
is important by the observed dose-response effect and by
evidence that paracetamol analgesic intake was not
assodiated with risk.

Risk for most of the drugs, and overall, tended to be
greater in those who had lately started treatment. New
users may be more likely to take full recommended doses
than those who have been taking drugs long term. Other
explanations of this pattern include adaptive protective
responses to injury during continued treatment, or
withdrawal of a populadon susceptible to damage, for
instance with dyspepsia, with time.

The high risks associated with azapropazone and
ketoprofen exposure were unexpected. We checked for lost
cases of exposure 1o these drugs in the control groups but
found none. The risk for azapropazone was especially
associated with treaunent of gout, but no such differential
risk was detected for ketoprofen or indomethacin nor
NSAIDs in general. Numbers of control users of
azapropazone and ketoprofen were small, however, so
confidence iatervals round these estimates of risk are large.

Fifteen studies have compared rates of non-aspirin
NSAID exposure in patents who had peptic ulcer
complications or required admission to hospital for upper
gasurointestinal disease. Two’# considered spontaneous
reports of adverse reactions in the UK and the USA, and
risks associated with individual drugs cannot be calculated.
Another® used ibuprofen takers as the reference group, so
overall rate ratios are unclear, and two®° included very
small numbers. '

Table 6 summarises findings in the remaining ten
studies.12411-1¢ Six took account of non-prescribed drug use
and of potendal for confounding due to individual social
habits: ours is the largest of these. The other four did not
take account of non-prescribed drug use, social habits, or
both. The seven scts of data for ibuprofen show low rate
ratios compared with those for indomethacin, naproxen,
and piroxicam (nine data sets each). Results for sulindac
and diclofenac are intermediate.

Rate ratios above 20 were found in the only two studies of
azapropazone and in one of three of ketoprofen, and ratios
approaching 20 were found in two of nine of piroxicam.
Much lower risks were detected in the other two studies of
ketoprofen, but all except two of the nine studies of
piroxicam gave ratios higher than 5. Formal meta-analysis
is inappropriate because comparable data sets cannot be
exuacéd from all studies. Concurrent users of other
NSAIDs are not generally separated, and use of over-the-
counter aspirin or other drugs is not always known.

Among the 10 million people aged 60 and older in
England and Wales, the overall risk of ulcer bleeding
(10 000 episodes per year) is 1 in 1000. From our data, about
35% will be associated with non-aspirin NSAID use and
another 289%, with aspirin use. Expected population use

rates for our dara would be 15%, for each. We can then
(assuming no overlapping use)}calcutate that 3500 episodes
occur in -5 million non-aspirin NSAID recipients, 2800
in 1'5 million aspirin recipients, and 3700 in 7 million
receiving neither drug. If the use of aspirin and non-aspirin
NSAIDs were abandoned, about 4000 episodes might be
prevented. A more realistic strategy would be to use the
NSAIDs with the lowest risk. This approach could halve
the number of drug-associated events, with a persisting
excess of 2000 episodes. The number of episodes could be
cut further if all NSAIDs were used in low doses (table 5).

Few of our patients had rheumaroid disease. Others have
found that many patients are unclear about why they are
taking NSAIDs. We conclude that substantial risks of ulcer
complications are associated with NSAID usc and that
appropriate clinical strategies could prevent many
episodes. These strategies include administration of
NSAIDs only to patients who do not respond adequately to
non-NSAID analgesics, seclection of the least toxic
NSAIDs when such treaunent is needed, and starting
treaument with low doses.

We thank the Medical Research Council for support, our professioaal
colleagues for their ready cooperaton, and our moaitocs Ms Clare
Clifford, Ms Gail Faulkner, Ms Gillian Paice, Ms Ellen Thompson, Ms
Shirley Wood, and Ms Shirley Powell, without whom the study would not
have been possible.
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Risk of upper gastrointestinal bleeding and perforation associated
with individual non-steroidal anti-inflammatory drugs

1.dis Alberto Garcia Rodriguez, Hershel Jick

Summary

Exposure to non-steroidal anti-inflammatory drugs (NSAIDs) is
known to increase - substantially the risk of upper
gastrointestinal bleeding and perforation (UGIB). We have
camried out a population-based retrospective case-control
study to assess the variation in risk associated with various
individual NSAIDs, with adjustment for features of use and
other independent risk factors. ~ =

The study sample comprised 1457 cases of UGIB and
10 000 control subjects identified from general practitioners’
computerised records in the UK. The adjusted estimate of
relative risk of UGIB associated with current NSAID usewas 4-7
(95% C! 3-8-5-7). Previous UGIB was the single most
important predictor of UGIB (relative risk 13-5 [10-3-17-7)).
For all NSAIDs together, the risk was greater for high doses
than for low doses (7-0 [5-2-9-6] vs 2-6 {1-8-3-8]). The
estimates of risk associated with the individual NSAIDs varied
widely. Users of azapropazone (23-4 [6-9-79-5]) and
piroxicam (18-0 [8:-2-39-6]} had the highest risk of UGIB
among the NSAIDs studied. All the other NSAIDs with sufficient
data for individual analysis (ibuprofen, naproxen, diclofenac,
ketoprofen, and indomethacin) had relative risks similar to
that for overall NSAID use. .

NSAIDS should be used cautiously in patients who have
other risk factors for UGIB; these include advanced age,
smoking, history of peptic ulcer, and use of oral corticosteroids
or anticoagulants.

Lancet 1994; 343::769-72

Boston Collaborative Drug Survelllance Program, Boston University
Medlcal Conter, 11 Muzzey Street, Lexington, MA 02173, USA
{L A Garcla Rodriguez mo, HoSick mo)

Correspondence to:DrLA Garcia Rodriguez
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Several studies have shown that a person exposed two
non-steroidal and-inflammartory drugs (NSAIDs) has
three to four times the risk of upper gastrointestinal
bleeding, perforadon, or both (UGIB) of a non-user.:®
Other independent risk factors for UGIB are age, use of
aloohol, anticoagulants, and corticosteroids, and history of
peptic ulcer with or without complications.

Assessment of the gastrointestinal toxicity of individual
NSAIDs is difficule, since sample sizes are usually too small
to allow meaningful variadons in risk to be detected, and
some NSAIDs are available only in certain countries.
Moreover, the possibility that patients treated with
different NSAIDs have diverse background profiles is
always an alternadve explanaton for the findings of
epidemiological studics.

We have carried out a populadon-based retrospective
case-control study in the UK to assess the variation in risk
of UGIB associated with various individual NSAIDs, with
adjustment for the characterisdes of use and other
independent risk factors.

Population and methods

More than 4 million people in the UK are registered with general
practitioners (GPs) who use office computers provided by Value
Added Medical Products (VAMP) Research (London, UK).
These computers store information on patient care, and largely
replace manual notes. GPs record medical informaton in a
standard way and supply it (without paticats’ names) 10 VAMP
Rescarch. The rescarch organisation does several preliminary
standard checks on 2 practice to sssess the quality of its
information, before that practice’s data are made available for
research projects. Among other items, the recorded information
includes the patient’s demographic details, medical diagnoses and
comments arising from the patient’s visit to the GP, referral letters
from consultants, and hospital admissions. GPs generate
prescriptions directly with the computer, and 2l drugs prescribed
are automatically transferred to the patieat’s computer record.
As a result, aa anonymous chronological patient profile of
prescriptions, medical notes, consultant visits, and hospital
admissions can be created for each individual, and used for the
purposes of medical research ? :

A distinctive feature of this ‘computerised medical information
system is that the GP isasked to provide the indication for cach new
course of medication. A modification of the OXMIS code* is used
to register medical diagnoscs, and a coded drug dictionary based on
the Prescription Pricing Authority dictionary is used for the
recording of medicines.

Two validation studies have shown that more than 90% of
information from the manual medical records present in the GP's
office was rccorded on the computer.®® The indication for more
than 95%, of newly prescribed drugs was present in the computer
file.

The study started in January, 1990, and ended in February, 1993.
The source populdtion included 1922 858 people aged 25-77 years
in January, 1990, who were registered with GPs using VAMP
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orug Cutoff daity dose (mg)®  Drug Cut-olf dally dose (mg)®

Azapropatone 900 Ketoprofen 150
Drclotenact 100 Mefenamec acid 1250
Deliunisal 150 Nabumetone 1000
Eodotac 400 Naproaent 150
Fenbulen 900 Picoxicam 15
Fenoprofen 1200 Sulindac 300
Rurbipolen 200 Tenomicam 20
Buprofent 1500 Tiaprofenic acid 450
Indomethacint 75

*Values € ant-off =low dose: values > cut off = high dose. tSufficient data available for
Table 1: Daity dose deflalton for indtvidual NSAIDs

computers. All participants were followed undil the carliest of first
hospital admission or referral for UGIB, death, or end of the study
period.

Case detection

In a first step, a computer search identified 4727 people with an
OXMIS code for UGIB recorded for the first ime during the
study period.* 1013 patients were directly excluded by computer-
based algorithms, because of a recent history of alcoholism,
ocsophageal varices, cirrhosis, Mallory-Weiss syndrome,
coagulopathies, cancer, any hospital admission in the month before
the date of the UGIB code, or pregnancy. The complete individual
medical histories (patient profiles) of the remaining 3714 people
were manually reviewed.

Validation of computerised OXMIS codes

Three categorics of case status were defined based on information
recorded on the padent profile (except data on drug use). Patients
in category 1 were judged not 1o be cases, since the bleeding was
clearly not from the upper gastrointestinal tract or because onc of
the above exclusion criteria applied. Patients in category 2 were
judged borderline cases; no exclusion criterion was found, but the
spedific site of the UGIB was not recorded. Patients in category 3
were classified as cases; no exclusion criterion was found and the
specific site of UGIB or a diagnosis of “peptic ulcer” only was
recorded on the patient profile.

To validate the case status classification based on the
computefised information, the paper-based medical records of 76
randomly sclected padents were obtained and reviewed to ascertain
the acrual medical diagnosis. 12 of 13 patients in category 1 were
confirmed 25 non-cases, and 23 (729,) of the 32 borderline cases in
category 2 were found to be cases. All of 31 patients in category 3
were confirmed as cases. We therefore dedded to use in our final
analyses all the patients who met the criteria for category 3, based
on the computer records.

Of the 3714 patients initially identified through the computer
scarch, 789 were assigned 1o category 1, 1224 wo category 2,and 1701
to category 3. 244 paticats in category 3 with recorded blecding/
perforation in the oesophagus were not included into the final
analysis. Thus, 1457 patients had had an cpisode of bleeding or
perforation involving the stomach, the duodenum, or 2 peptic
ulcer. The date of hospital admission or referral was used as the
index date.

Control selection

10 000 controls were randomly selected from the practices where
the cases were registered and 2 random date during the study
period was assigned to cach as the index date. All inclusion and
exclusion criteria applied to the selection of cases werealso used in
the control selection procedure. All snalyses were done with
logistic regressionrmodels.

Definition of NSAID exposure

A person was defined as a current NSAID user when the last
NSAID prescription before the index date was ordered during the
previous month (2 month is the average dispensing duration of an

*A list of the OXMIS codes used is available from The Lancer.

Controls

{n=145T} {@ =10 000) ek (95% C1)

HSAID erposure -
No use 1106 [083 10
Al curcent use 241 365 47(38517)

Singie 194 318 41(33-51)

Multipte 47 47 9:0(57-14.2)
Recent past use 44 169 1-9(1-3-2°8)
Pastuse 66 383 1-4(10-1-8)
age(y)
25-49 314 5561 10
50-59 250 1740 1-6({1-4-20)
60-69 are 1630 3-1(2-5-3-T}
70-80 457 1069 56(46-69)
Sex
Male 958 S005 190
Female 499 499S 0-5(0-4-0-5)
Wicer history :
No histocy as2 9017 10
Oyspepsia 147 445 2-9(2:4-3-6)
Uicer without complication 278 433 6-1(5-1-7-3)
Uicer with complication 170 105 13-5(10-3-17-7)
Use of other drugs®
QOral corticosteroids s 64 2-2(1-4-3-5)
Anticoagulants 19 13 6-4{2-8-14-6)

*Reference Category was people wha did not receive 3 prescription for relevant drugs within
S enontfts before index date.

Table 2: Relative risks of UGIB assoclated with varlous tisk
factors

NSAID prescription in the UK) or if the time from the date of the
prescription to the index date was loager but the duraton of
therapy extended at least to the index date. Current use was
subdivided into current single use (oaly 1 individual NSAID
during the 150 days before the index date) and currentmuldpleuse
(more than 1 individual NSAID during the 150 days before the
index date).

An NSAID aggregate variable was crcated representing the use
of any of the NSAIDs included in the study. The effect of dose was
investigated for NSAIDs as a group and for four individual
NSAIDs with sufficient information available for stratification
into low 2ad high daily dose categories (table 1). Duration of use
was defined 2s the number of consecutive prescriptions (following
cach other with 2 maximum interval of 90 days) among current
single users. Duration was classified as “unknown’ when there was
less than 6 months’ history in the automared prescription file.

A person was defined as a recent past NSAID user when the last
NSAID prescripton before the index date was written 6031 days

Type of case Casee Adjusted reletive
diak® (35% €1

Bleeding enly (n=11%¢)

Nouse 939 10

Cuent use 171 3-9(3-149)

Recent past use 35 1-9(1-3-2-9)

Past use 50 1-2(0-8-16)

Pedocation (a =261)

Nouse 167 10

Current use 70 7-9(5-7-10:9)

Recent past use 8 2-1(1-0-4-4)

Pastuse 16 1-9(1-1-3-3)

Gastric (a = 483)

No use 350 10

Current use 100 5-4(4-1-7-0)

Recent past use 13 16(0-9-30)

Pastuse 20 1:2(0-7-1-9)

Ouodenal (a = 787)

Nouse 615 10

Cutrent use 115 4-4(3:4-5-6)

Recent past use 23 1-9(1-2-3-1)

Pastuse 34 1-3(0-9-1-9)

#3083 controls were non-users, 365 current users, 169 recent past users, and 383 past
users.

Table 3: Relative dg‘ of UGIB assoclated with NSAID use

accordlng to diagnostic categoty
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Cases Coatrols

Adjusted relative Cases Controly Adjusted relathry
sk (95% €1} {n=862) (n=3017) sk (95% O1)
No peptic utcer histary Oalty dose
n 862 9017 . Nouse 615 8222 10
N use of NSAIDS 615 8222 10 Low dase 45 150 26 (1-8-38)
Curent use 11 314 51(4-1-6-3) High dose 90 118 7-0(5-2-9-6)
Single 138 m 46 (3:6-58) Unknown 3 3 6-7(1-2-37-4)
Muttiple 33 43 89 (54-14-7) NSAID "
Recent past use 30 146 Z2{1:5-35 :::e 615 . 8222 1-0
Pastuse 6 335 16{1:2-23) 1 © 104 £0(2-7-61)
With pegrtic wicer hictory 23 15 37 32(1-7-6-1)
a 595 9a1 4 45 10 27 2:8(1-3-60)
N0 use of NSAIDS 491 861 10 712 30 34 6-7(3-9-11-4)
Cuarrent use 70 s1 28(1-9-4-2) »>13 38 s3 6-4(4-0-10-2)
Single 56 a7 2-4(1-6-3-7 Unknown S 16 35(12-103)
Muttiple 14 4 7-4(24-236) . - -
Rocent past use 14 2 11(0-5-2:3) Delly dose and ot
Pastuse 20 48 0-8({0-4-1-4) Nouse 615 8222 10
Low dose, 1-6 25 96 2-3{14-37)
Table 4: Relative tisk of UGIB assoclated with NSAID use Lowdoss, 37 20 “ 38(22-68)
accordlag to history of peptic ulcer disease tigh dose, 1-6 40 n 5-4(3-5-8-4)
High dose, »7 46 41 9-3{59-14-8)

before that date and the prescribed course of therapy finished
before the index date.

A person was defined as a past.user whea the last NSAID
prescription before the index date was written 150-61 days before
that date and the computer-recorded duration of therapy finished
before the index date.

A person was defined 25 2 non-user when there was no NSAID
prescription within the 5 months before the index date.

The use of over-the-counter aspirin as a proportion of toral
aspirin use is known 1o be large in the UK. We do not present an
estimate of the risk associated with aspirin use in our study because
of the underascerainment of exposure. In our 2nalysis, prescribed
aspirin use was used only as an additional variable in the
adjustment for the risk estimarte associated with NSAIDs.

Definition of ulcer history

‘The whole medical history recorded on computer was used to find
out the ulcer history for cach patient. An episode of UGIB
recorded before the study period would therefore be idendfied. A
person was defined as having no history of ulcer if there was no
recorded diagnosis of dyspepsia or ulcer with or without
complication (bleeding, perforation) up to 1 month before the
index date. A person was defined as having = history of dyspepsia if
that was the oaly recorded gastrointestinal diagnosis up to 1 month
before the index date. Finally, 2 person was defined as having
history of ulcer with or without complication (bleeding andfor
perforation) according t the recorded information up to 1 month
before the index date.

Results

Among the 1457 cases of UGIB, the site of the bleeding or
perforation was gastric in 483 and duodenal in 787; 40
patients had multiple bleeding sites and 147 peptic ulcer
only. 64 patients died. Perforation was reported in 261
cases.
The relative risk of UGIB (table 2) associated with
NSAID current use was 4-7 (3-8-5-7). The relative risk was
significantly higher for current multiple users than for
current single users. The risk was substantially lower for
recent past users and that for past users was similar to the
tisk in non-users. Adjusunent-forcurrent aspirin use did
not substannially affect the results,

Other independent risk factors for UGIB were increasing
age, male sex, smoking, and history of ulcer (table 2). The

rclative risks associated with NSAIDs were similar in the -~

four age catcgories (not shown). We estimated the
interaction between age and NSAID use, with people
younger than 60 and not exposed to NSAIDs as the
reference group. The relative risk was 28 (2:53-3) in

Only patients with no history of pegric ulcer were incloded.
Table S: Relative risk of UGB assoclated with NSAID current
single use according to dose and duration of treatment

people under 60 exposed to NSAIDs, 3-7 (2-6-5-4) in those
of 60 and older not exposed to NSAIDs, and 13-2
(10-1-17-1) in those of 60 and older exposed to NSAIDs.
The proportion of disease among subjects with both risk
factors that is atuributable to the interactdon was 599,
{(43-73%).* The rclative risk associated with current
NSAID use was slightly greater among women than men
(5-2(3-9—6-8] us4-1 {3-1-5-4]). Smoking increased the sk of
UGIB by 40%, (not shown).

The relative risks associated with NSAID use were
slightly greater for gastric than for duodenal bleeding and
greater for perforation than for bleeding only (table 3).

Previous bleeding or perforation of the upper
gastrointestinal tract was the singlé most important
predictor of UGIB (reladive risk 13-5 [10-3-17-7]). The
relatve risk of UGIB associated with NSAID use was
higher in people without 2 history of peptic ulcer discase
than in thosc with such a history (table 4). To examine the
joint effect of exposure to NSAIDs and history of peptic

Cases Coatrols Adjusted retative
(n=862) (a=~3017) ek (35% €1}

NSAID cwirent u3e

Nouse 615 8222 10

tbuprofen 20 T4 2-9(1-7-5-0)
Other* 13 39 29(1-5-56)
Naproen 15 46 3-1(1-7-69)
Diclotenac 25 53 39(2-3-65)
Ketoprofen 14 20 54{2-6-11-3)
indomethacin 20 24 6-3(3-3-12-2}
Muttipie NSAIDS 33 43 8-9(54-14-7)
Proicam - 20 1 18-0(8-2-39-6)
Azapropazone 11 4 23-4(6-9-79-5)
Dally doss*® i
Nouse 615 8222 10

Buprofen <1500 mg 12 59 21(1-14-1)
uprofen > 1500 m¢ 8 14 6-5{2-6-16-4)
Naprozen TS0 mg s 14 4-0(1-3-11-8)
Naproren > TS0 mg 10 31 3-1(1-4-66)
Diclolenac €100 m¢ 18 35 4-1(2-2-76)
Dictofenac > 100 m¢ 7 18 3-4(1-4-85)
Indomethacin <75 mg 3 15 1-4{0-3-5-8)
Indomethacia > TS mg 41‘ 8 14-4(5-7-36-4)
Only patients with 1o history of Peptic Ukcer were included.

*Mefenamic acid, fenbufen, fenoproten, flurbiprofen, diflunisal, sulind.

iaprofenic acid, etodolac, and nab

Among current users of the four RSAIDS Gsted wese 4 people with unknown daity dose.
Table 6: Relative risk of UGIB assoclated with Individual NSAIDs



ulcer we used a common reference group—people not
currently exposed to NSAIDs and with no history of peptic
ulcer (history of dyspepsia alonc was not included). The
relative risk was 5-4 (4-4—6-8) for those exposed to NSAIDs
only, 8-7 (7-4~10-3) for those with a history of peptic ulcer
only, and 17-2 (10-0-29-6) for those with both risk factors.
In view of this effect measure modification and the small
number of people with a history of peptic ulcer, further
analyses of the risk associated with NSAID use arc
presented for the subset of patents without history of
peptic ulcer.

- The relative risk associated with NSAID current single
use was significantly higher among people exposed to high
doses than among those exposed to low doses (rable 5). With
respect to duration, the relative risk after the first
prescription (4-0 [2-7-6-1]) was no greater than the overall
risk, and the risk increased slightly with long-term therapy.

There were important differences in the risk associated
with the individual NSAIDs (table 6). Azapropazone and
piroxicam had relative risks greater than 10. The five other
NSAIDs assessed individually showed some variation in
risk, but all had reladve risks similar to that for overall
NSAID use. Ibuprofen had the smallest risk. We were able
to study a dose-effect relation for four individual NSAIDs.
For indomethacin and ibuprofen there was a substantial
increase in nisk from a low to a high daily dose.

Discussion

This study has confirmed that use of NSAIDs is
independently associated with an increased risk of UGIB.
The excess risk of UGIB associated with NSAID use was
similar irrespective of the site of bleeding, but the risk of
perforation was greater than that of bleeding only. Both
short and long duration of NSAID exposure increased the
risk of UGIB. An adjustment for current aspirin use
recorded on computer did not greatly alter our findings.
Overall, there was a striking dose-response effect. Also, the
increased risk with a high daily dose was independent of
trcatment duration. Similarly, pcople who had lately
changed from one NSAID to another and/or received more
than one NSAID simultancously had more than twice the
risk of individuals exposed to only one NSAID. The
estimate of the risk in this group of multiple NSAID users
was of the same magnitude as that among single NSAID
users receiving a high daily dose. We looked at the
indications for NSAID use among cases and controls
without peptdc ulcer history receiving their first
prescription. The clinical indications were the same in the
two groups. Specifically, for 139, of cases and 109 of
controls the recorded indication was an ill-defined back
pain. Ulcer disease and its complications may sometimes
present with abdominal pain radiating to the back. It is
possiblie that this clinical condition may identify a spedial
_group of patients in whom a surreptitious bias would be
present. The small difference in prevalence of ill-defined
back pain between cases and controls would preclude any
confounding by indication in this population.
History of peptic ulcer was not only the most important
risk factor for the occurrence of an episode of UGIB but
also an importint effect modifier of the risk of UUGIB

associated with NSAIDs. Our estimated relative risk of
UGIB associated with the use of NSAIDs was smaller in
people with a history of peptic ulcer. However, since such
paticnts are nine times more likely than other people 1o
develop UGIB, they are vulnerable to any further increase
in risk due 0o NSAID exposure. NSAIDs should be
administered very cautiously to paucnts with history of
peptic ulcer.

The finding of lowest risk among users of ibuprofen is not
new.” The risk was substandally greater for high-dose than

low-dose ibyprofen users. Thus, the overall disk associated -

with ibuprofen is largcly acocounted for by the estimate of -
risk in the low daily dose category, where most of the use
(80%) occurred in our study populadon. The highest
recorded dose of ibuprofen was 2400 mg daily, prescribed to
only 2 subjects in the whole study population.

Among individual NSAIDs, the highest risk was found
for users of azapropazone. We did not find any clinical
feature among uscrs of azapropazone that could account for
this increased risk. Numbers were too small to assess with
confidence a dose-effect response. 7 cases and 4 controls
were receiving a daily dose of 1200 mg orless and 3 cases and
no controls doses greater than 1200 mg. According to the
manufacturers’ recommendations, such high doses should
be given only during acute exacerbations of gout. The
prevalence of use of azapropazone (as well as of other
NSAIDs in our control populadon) was similar to that in
the source population of close to 2 million people. A patient
at greatest risk of presenting with an episode of UGIB is a
male smoker of advanced age who has a history of peptc
ulcer, and is a user of oral corticosteroids, anticoagulants,
and NSAIDs.

This study was funded by a grant from Rhéac-Poulenc Rorer Resaarch
and Development. The Bostoa Collaborative Drug Surveillance Program
is suppocted by grants from Bayer AG, Burroughs Wellcome Co, Ciba-
Geigy Corporation, Hoechst AG, Hoffmann-La Roche Inc, R W Johnsoa
Pharmaceutica! Resexrch Insdtute, Masioa Merrdll Dow Inc, Pfizer Inc,
The Proctor & Gamble Company, and Sanofi Winthrop Pharmacruticals.

We thank Dr Laureat D Jacobs for comments and suggestioas, the staff at
VAMP, especially Dr Alan D Dean and Ms Anae Costello, and the
participating GPs for their cooperation widh this scudy.
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Variability in the Risk of Major Gastrointestinal Complications
From Nonaspirin Nonsteroidal Anti-inflammatory Drugs
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Australia s

Background: We have assm/s;d the extent to which
the risk of serious gastrointestinal complications
from nonaspirin nonsteroidal anti-inflammatory drugs
(NANSAIDSs) varies with the age and sex of recipients,
use of aspirin or alcohol, administration by the oral or
rectal route, and dose and choice of drug. Methods: A
case-control study was performed with prospective re-
cruitment of cases of gastrointestinal bleeding or uicer
perforation and age- and sex-matched controls. Infor-
mation on preadmission drug use obtained by struc-
tured interview. Results: Six hundred forty-four pa-
tients and 1268 controls were recruited. The odds ratio
for upper gastrointestinal complications in users com-
pared with nonusers of NANSAIDs increased with
age: <59 years, odds ratio 2.0; 60-79 years, odds
ratio 3.0; =80 years, odds ratio 4.2; and was higherin
women (5.4) than in men (1.9). There was a linear
dose-response curve that was steeper in women than
in men. Combined exposure suggested additive risks:
NANSAIDs and aspirin, odds ratio 6.7; NANSAIDs and
alcohol, odds ratio 6.0. NANSAIDs by the oral route
were assaociated with an odds ratio of 2.3, compared
with 11.4 with rectal administration. Piroxicam was
associated with the highest risk, odds ratio 4.8; and
ibuprofen the lowest risk, odds ratio 0.7. Conclusions:
A number of factors can alter the risk of major gastroin-

- testinal complications with NANSAIDs and need to be
consldered when individual prescribing decisions are
made.

Sincc 1986, a large number of publications have re-
ported on the association between use of non-
aspirin nonsteroidal anti-inflammartory drugs (INAN-
SAIDs) and the development of peptic ulcer
complications.'' The literature on aspirin is older
and only a few epidemiological studies have been pub-
lished during this period.'™**='? Despite the size and
scope of this literature, which has been the subject of
recent meta-analyses, important questions remain re-

garding the risks- associated with the use of NAN-
SAIDs.'*-» -

P -
~

The majority of investigations have been of case
control design and these have recorded higher overall
estimated relative risks than have the cohort stud-
ies.'"? The results of the case control studies have
themselves been heterogenous, with overall estimated
relative risks ranging from around three to more than
ninc but higher in some subgroup analyses.'-*-'¢"

Findings have been variable in respect of the impor-
tance of sex and age in determining the level of the
relative risk.''*'* Few investigations have been large
enough to assess the importance of dose and duration
of treatment or differences in the levels of sk with
individual drugs.®'*'*'? It is not clear whether the
tisks of NANSAIDs are increased when they are taken
in combination with aspirin or alcohol. The safety of
suppository formulations has not been investigated.
The majorirty of studies have concentrated on gastroin-
testinal bleeding, and there have been few investiga-
tions of uleer perforation; all but one were poorly con-
trolled. >3 Wichin the gastrointestinal bleeding
group, duodenal and gastric ulcers have been exten-
sively studied, whereas other sources such as esopha-
geal lesions and mucosal erosions have not been
conclusively linked to use of NANSAIDs in epidemio-
logical studies.

The gaps in the available literature reflect the nced
for further large epidemiological studies to address
these secondary, but importaat, questions. The need
for additional research is underscored by the continu-
ing very widespread use of these drugs, which means
that the morbidity they cause has implications for the
health of the public as well as that of individual users.
As we show in this work, the prevalence of use of
NANSAIDs by elderly Australians is higher than their
prevalence of cigarette smoking or potentially harmful
alcohol consumption.

We report here the results of a large case control
study that addresses 2 number of these ousstanding is-
sues. The work was conducted in Newcastle, New
South Wales, Australia, an area that, historically, has
been characterized by heavy consumption of analge-
sics.

Materials and Methods

We recruited patients with upper gastrointestinal
hemorrhage and ulcer perfo-ation admitted to three public
hospitals in Newcastle, New South Wales. The catcchment
area has 2 population of approximately 450,000, and at the
time of the study, virtually all patients with suspected ulcer

Abbreviations used in this paper: C1, confidence interval; NANSAID,
nonaspirin nonsteroidal anti-inflammatory drug.
© 1993 by the American Gastroenterological Association
0016-5085/93/$3.00
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complications who were thought to neced adnussion were
refecred (o once of these hospicals. The study methods were
3pproVCd by the research echics commutttees of the Hunter
Area Health Service and the University of Newcastle, New
South Wales.

The case control study was coaducted i two phases, the
first running from July Ist 1985 to Juae 30ch 1987, the
secoad from January Ist 1988 to December 1989. In phasc
1, only subjects aged 60 years or greater were included.
Thete was no age limic in phase 2 Ia other respects, the
methods used in the two phases were identical. Preliminary
analysis of the two data sets resulted in very similar esti-
mated odds ratios.?® Consequently the data were combined
for the purposes of further analysis.

Case Patient Definition

‘Casc paticnts met the definition of upper gastrointes-
tinal blecding if they had a history of hematemesis and/orc
melenz resulting in hospialization that was choughe, on the
basis of endoscopic or operative findings, to be due to ulcer-
ation or erosions of the stomach oc duodenum, or inflamma-
tion, or ulccration of the esophagus. Patients wich a Mallocy
\Weiss tear, esophageal varices, or a tumor of the stomach oc
esophagus were excluded unless they had other cligible le-
sions thought by the endoscopist to be the primary source of
the hemorrhage. Patients were also included if no definite
cndoscopic diagnosis was made, so long as there was firm
evidence of bleeding from the upper gastrointestinal tract.
This took the form of a clear history of hematemesis or
melena, either confirmed by medical saaff after a recual ex-
amination or inspection of vomitus, or accompanied by 2
decrease in the hemoglobin level of 2 g or more, or an
clevated ratio of urea to creadnine concentrations in the
blood. %

A case paticat met the definition for perforation if she or
he was admitted with a typical history of acute upperabdom-
inal pain and had evidence of pneumoperitoncum oa an
abdominal radiograph or was found to have 2 perforated
ulcer of the stomach or duodenum 2t laparotomy.

An attempt was made to include all poteatial case pa-
tients, irrespective of their clinical condition at entry to
hospital. Case finding was intensive. Research nucses made
daily conuract with the endoscopy unic staff and regularly
spoke to the nurses and doctors workiag on medical and

" sucgical wards. The admission records of the hospitals were
cxamined several times weekly to find potential patients
who might have been missed. Where there was any doube
about the diagnosis, the individual was labeled a5 a potential
case patient and was followed up by, the research nurse o
determine if 2 definite diagnosiswas made at a later dae. If
there was continuing doubt about the eligibility of 2 poten-
tial case patient, the relevanc information was presented by
the research nurse to the principal investigator who madeé a
final decision tcgzrdmg eligibiliy without knowing
whether the individual had been a user of NANSAIDs or
aspirin. Verbal witnessed consent was obrained from all par-

. sumed in different i
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uctpants. When subjects were too sick o be iaterviewed,
cegulac return visits were made by the rescarch nurses. If a
case padent remained unfic for 2 structuced interview, in-
formation was obained from the case aotes and from the
patient’s family physiciaa. In such cases, exactly the same
proccdurcs were followed with that subject’s coatrols.

~.

Selection of Controls

In che first phase of the study, we matched 2 commu-
nity conrrol aad 2 hospital control to cach case paticar. Use
of NANSAID:s is widespread in the Australian communicy
and compicison of the two sets of controls revealed them to
be very similar in respect of their use of NANSAIDs (sec
below). It required considerably less effort and expense to
recruit hospital coatrols than it did community controls.
Consequently, in the second phase of the study, two hospial
coacrols were marched to each case patenc

Hospinal controls were subjects of the same sex aad age.
(to within 5 years) as the case patients who werc admitted o
the medical wards of the same hospital within 1 week wich
any pamary diagnosis that was neither an indication for,
nor 2 known complication of, treatment with NANSAIDs.
Coascquently, potential controls were excluded if they had
peptic ulceration, large bowel hemocrhage or pedforadon,
or if the principal reason for admissioa was painful musculo-
skeletal discasc. For each pacient, the hospital admission
lists covering the week in which the case patient was admit-
ted were examined, and potential coatrols were sclected on
the basis of their sex and birth date. Controls were inter-
viewed in the order they appeared in the lists uatil the requi-
site number of cligible consenting individuals had been re-
cruited. The consenc rate exceeded 90%.

Community controls met the same age, sex, and eligibility
criteria as hospital controls and were drawa from the lists of
the family practidoner who had most recently attended the
ase patient. Scardng with the record of the patient and
excluding subjects with the same family name, the practice
records were inspected forwards or backwards (on the toss
of a coin) undil four poccntul coatrols were idendfied.
These were contacted in the order they appeared in the
practice records, and the first eligible individual who con-
sented to interview became the community control for chat

case paticat. The consent rate for commuaity conmols ex-
ceeded 80%.

Information Gathering

The index day for case patients and hospital controls
was the day of admission to hospital. In the case of commu-
nity controls, it was the day of interview. Case patients and
controls had the same structured intervicw, administered by
a rescarch nurse, that requested information on all medica-
tions (prescribed and nonprescribed) that had been con-
periods before the index day. Partic-
to NANSAIDs and aspirin. Subjects
were asked how many doscs they had consumed in the pre-
vious week and month and whether they had used the drugs

ular atrention was paic
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in queston between | month and | vear from the index day.
Open questions were followed by more directed questions
and prompts in the form of the trade and gcncric names of
all NANSAIDs and commoanly used aspirin-containing
medications. In Australia, use of preseribed deugs in the
commufiity teads to be low ualess they are listed on the
Commonwezlth (federal) Governencnt's schedule of phar-
maceudical benefits. In the first phase of the study, the
NANSAIDs listed were diclofenac, difiunisal, ibuprofen,
indomethacin, naproxen, and sulindac, Piroxicam was listed
on the schedule just before the end of the first phasc of the
study, and 2 sustained-release formulation of ketoprofen was
listed during the second phase. Subjects were also asked
about the frequency and quanticy of alcohol consumption
and their smoking history.

Interviewers were not blinded as to the casc patient/con-
trol status of the participants. Accordingly, we took steps to
reduce the influcace of observer bias. Family practitioners
were contacted by telephone and asked to consule their pre-
scribing records to conficm the information obained from
the subject. For the majority of subjects, there was good
agreement between the two infoematioa sources oa what
drugs had been raken, or any conflict was minor aad easily
explained. The subject’s estimate of the number of doses
consumed in the previous week was zlways accepred. In
doubcful cascs, the information from both sources was pre-
sented to the principal investigator who made 2 determina-
tion without knowiag whether the subject was 2 casé patient
or control.

Medical records of the controls were inspected and infor-
mation was extracted on up to three diagnoses listed in the
discharge summary or the diagnoses recorded most recently
in the family practidioner’s record. For casc patients, we
recorded the reason for admission (suspected bleeding or
pecforation), the site of the lesion that had bled or perfo-
rated (esophagus, stomach, or duodenum), the nature of the
lesion, aad any other diagnoses thac were listed later in the
discharge summary. When multiple lesions were present,
the endoscopist’s or surgeon’s opinion regarding which had
been responsible for the complication was recorded. Wher-
ever possible, the subject’s weight was recorded.

Statistical Analysis

Individuals were categorized as users of NANSAIDs
or aspirin on the basis of taking one or more doses in the
wecek before the index day. Nonuse of the relevant drugs and
drug combinations was used as-a reference in all analyses. To
examine the relationship between-dose of NANSAIDs and
aisk, the total quanrity of cacli-drag consumed in the pre-
vious week was converted to the number of “standard dose
unies,” using as a reference the minimum daily dosc recom-
mended by the manufacturer for rheumaroid arthritis.2’ The
values were the same as those used by Griffin et 2. Dura-
t1on of use was assessed for current uscers by classifying them
as haviag started treatmenc within or before the previous 4
weeks. Elderly controls proved to have:high prevalence of

use of NANSAIDs, and to_establish their representativeness
tor the populacion uar large, we compared their resulits wich
those obtained during a large community survey of drug
taking habits in the Newcasde area, New South Wales >

In the case of aspirin, the dosage data were aaalysed in
two ways. Fiest, we analyzed data from subjects who took
only a low-dose formulacion of aspirin (<150 mg/day) as
prophylasis against chrombosis separately from other usecs.
In 2 second analysis, we classified all aspirin users by the
total dose of the drug taken in che previous week, trrespec-
tive of the dosage form used.

We used Student's £ tesc to compare’ mean doses con-
sumed in the previous weck by patiencs and coatrols. For
categorical variables, associatioas of interest were assessed
by means of the odds ratio with its 953% confidence interval
(CI) caleulated for matched data sets. All variables were
examined for their association with gastroiatestinal bleed-
ing or ulcer perforation. Alcohol consumption on more
than 5 days of the week on a regular basis, regular consump-
tion of more than five drinks on any occasion, and cucrent
smoking were significandy associated with the outcome in
univariace analyses. Exposure odds racios were adjusted for
these factors by conditional logistic regression using the sta-
tistical program EGRET (Statistics & Epidemiology Re-
search Group, Seattle, \WA). An excepcon was the analysis
of low dosc aspirin in combination with NANSAIDs, in
which it was necessary to beeak the macching. Ia chis aase,
the odds ratios were adjusted using unconditional logistic
regression analysis. .

In the presencation of resules, all odds ratios are calcu-

lated from macched analyses and are adjusted unless ocher-

wisc stated To assess the relationship between dose of
NANSAID:s and the level of the estimated relative risk, we
performed a test for trend across che different levels of chese
variables using nonusc as the reference and treatiag the
average dose per stratum as the observation of the covariate.
In an attempt to account for the range of estimated relative
risks with individual drugs, we compared the ranking of
their odds ratios with that of the average numbers of stan-
dard dose units consumed by patients in the week before the
index day and also with the rank order of their plasma half
lives quoted by an authorative source.® The correlations
between the ranked variables were estimated by means of |
the Spearman rank correlation coefficient.

Results

During the 5 yeirs of the study, we recruited
644 casc patients and 1268 coatrols; 229 of the con-
trols came from the community, and the remainder
came from hospital. We failed to obtain community
matches for 20 case patients in phase 1 of the study.
Matching hospital dontrols for age was successful in
every case, but it was not possible to match seven very
clderly men with controls of the same sex, and age-
matched female controls were recruited instead. The
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Table 1. Charactensucs of Case Patients and Controls

Case pauents Controts
Factors n = 644 n= 1268
Mean age (range. yr) 66.2 (15-95) 66.1 (16-97)
Females (n. %) 255 (39.6) S09 (40.1)
prevalence (%)* .-
Cardiovascular disease 36.9 439
Musculoskeletal disease 16.1 10.0
Digestive disease 9.1 2.8
Respiratory disease 83 13.4
Endocrine/metabolic disease 79 9.0
Neoplasms 3.3 4.2
Hematological disease 3.2 1.1
Genituourinary disease 2.6 3.0
Other diseases 12.6 12.6
Drug use in the previous
week (%)° Antacids 27.4 13.8
Diuretics 24.5 29.5
Psychotropics 21.0 . - 17.8
Digoxin 14.0 219
Beta-blockers 13.8 15.7
Potassium supplements 1.1 15.6
Antivlcer 9.8 0.3
Antianginal 9.0 15.5
Bronchodilators 8.2 11.3
Calcium channel blockers 6.8 6.9
Antibiotics ’ 5.4 6.4
Cument smokers (%) 239 15.1
Alcohol consumption (%)
>5 days/wk 28.2 19.5
>5 drinks/session 22.7 12.6

*Refers to the prncipal diagnosis in conuols and the most important
diagnoses (other than Gl bleeding or perforation) in case patients.
*Drugs other than NANSAIDS and aspirin. Patients could be taking
more than one drug.

characreristics of case patients and controls are summa-
tized in Table 1. Case patients had a lower prevalence
of cardiovascular and respiratory diseases and 2 higher
prevalence of.digestive and musculoskeletal diseases,
than controls. These differences were reflected in the
patterns of drug consumption, with case patients hav-
ing a lower prevalence of use of cardiovascular and
respiratory drugs than the controls. Patients had a
higher level of alcohol consumption than controls and
were more likely to be smokers.

Overall Associations Between NANSAIDs
and Aspirin and Upper Gastrointestinal
Complications

In phase I of the study, NANSAIDs had been
used in the previous week Ly-23% of hospital controls
and 25.7% of community controls. These groups were
combined for the purpose of further analysis.

Use of NANSAIDs and aspirin by case patients was

higher than by controls across all age and sex strata

(Table 2). The prevalence of use by female case pa-
vencs aged 65 vears or more was exceptionally high at

MAJUR Gl CUMPLILAGIUND AND NANSAIUS  Llubi

60.6%. Overall, NANSAIDs had been raken in the
week before the index day by 252 (39.1%) case patients
and 239 (18.8%) controls. The figuces for aspicin were:
casc patents, 217 (33.7%), and concrols, 239 (18.8%).
For all subjects, the unadjusted unmatched odds ratio
with use of ar 7 NANSAID was 2.8 (95% CI, 2.2-3.4),
and the macchied odds ratio adjusted for smoking and
alcohol consumption was 3.0 (95% CI, 2.3-3.8). The
unadjusted unmatched odds ratio for use of aspirin was
2.2 (1.8-2.7), and the macched adjusted odds ratio was
2.4 (1.9-3.0). The estimated population attributable
risks (etiologic fractions) calculated from the preva-
lence of use of the drugs by the controls were NAN-
SAIDs, 27%, and aspirin, 21%.

The resules of analyses for possible interactions be-
tween NANSAIDs, aspirin, and alcohol are summa-
rized in Figure 1. Both NANSAIDs and aspirin, taken
alone, were associated with significantly increased
odds ratios for upper gastrointestinal complications.
The use of both NANSAIDs and aspirin in the pre-
vious week was associated with an odds ratio of 6.7
(95% Cl, 4.3-10.4), approximately equal to the sum of
their individual odds ratios. Consumpdon of both
types of drug was associated with higher odds ratios
when they were taken by individuals who regularly
consumed more than five drinks during any drinking
session. This level of alcohol consumption on its own
was associated with an odds ratio for gastrointestinal
complications of 2.8 (95% CI, 1.9-4.0). The combina-
tion of NANSAIDs, aspirin, and alcohol was asso-
ciated with an odds ratio of 9.1, although the confi-
dence interval was wide (3.1-26.7) duc to small
number of subjects in this category. ]

In a separate analysis, we found that the combina-
tion of NANSAIDs and low-dose aspirin (<150 mg/
day) was associated with an odds ratio of 3.4 (1.8-6.7),
no higher than the estimate for NANSAIDs alone, 3.3
(2.6-4.3).

Table 2. Use of NANSAIDs and Aspirin by Case Patients and
Controtls Stratified by Age and Sex

Age Case patients Controls
group
Drugs {yn n Users % n Users %
NANSAIDS®
Males <65 196 44 224 367 57 15.5

=65 193 4%
Females <65 80 31
: 265 175 106

368 392 86 219
385 160 23 144
606 349 73 209

Aspirin®
Males <65 196 56 286 367 70 19.1
=65 (193 70 363 2392 84 21.4
Females <65 *, 80 33 413 160 32 200

=65 175 58 33.1 349 53 15.2
*Any use in the week before the index day.
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NANSAIDs ASPIRON ALCOHOL Ne 0DDS RATIO 95% Cl FOR
00DS RATIO
YES 916 9.1 3.1-1261
YES *—{_ Figure 1. Associalions be-
NO 65142 6.3 43- 104 tween serous upper gastroin-
vES testinal complications and use
[ YES e 6.0 3.3-110 of NANSAIDs, aspisia, o alco-
‘NO ___[ . - ™ hol, alone or in vatous combi-
NO 1407164 3.8 28-52 nations. *Alcahol consumption
T of five or more standard drinks
YES 25115 21 i-16.1 at any session. **Refefence
ves ____[ . group for calcutation of odds
I— NO e 1176 3.0 2.2-40 ratios. Al odds ratios are
NO matched for age and sex and
adjusted for cigarette smoking.
90114 2.8 1.9-40 £
LNO ____[YES “Number of cases/contols in
NO 162100 1.0~ - group.

. Importance of Age and Sex

The odds ratios with use of NANSAIDs showed
both age and sex dependence. The adjusted odds ratio
was 2.0 (95% CI, 1.2-3.4) in those aged 59 years or less
(n = 187), 3.0 (2.2-4.0) in those aged 60-79 years (n =
357), and 4.2 (2.3-7.6) in those aged 80 years or more
(n = 100). The odds ratio was 1.9 (1.4-2.6) in men and
5.4 (3.6-8.0) in women. This sex-related difference
was apparent in those under 65 years of age: the odds
ratio for men was 1.6 (1.0-2.5) and for women was 4.7
(22-10.0); in those aged 65 years or more: men, 2.2
(1.4-3.3); women, 5.8 (3.6-9.2).

In contrast, the risk associated with use of aspirin
showed less variation with age and sex. Odds ratios
were 2.2 (1.4-3.4) in those aged 59 years or less, 2.5
(1.8-3.4) in those aged 60-79 years, and 2.1 (1.1-3.9)
in thosc aged 80 years or above. Women had an odds
ratio of 2.8 (1.9—4.0) and men 2.1 (1.5-2.8).

" importance of Dose and Duration of Use

The average numbers of daily dose units taken
by patieats and controls in the wecek before the index
day are given in Table 3. Overall, case patients using
NANSAIDs consumed 2 mean of 8.3 (95% (I, 7.6—
8.9) dose units and .controls using NANSAIDs 7.2
(6.6-7.8) dose unies (P < 0.005, £ test). The group who
consumed the highest average dose were female case
patients. After adjustment for body weight, the average
dose they had consumed ~m\t:hc:—p::c:\no'.xs week was
higher than for female controls, male case patients,
and male controls, the differences ranging from 22%
to 33% (Table 3).

Across six intervals of dose, the odds ratio increased
in a lincar manner from 2.1 (95% Cl, 1.2-3.6) with
consumption of less than 2 standard dose units in the
previous week to 4.0 (2.6-6.1) with consumption of

14 or more standard dosc units (P < 0.001, test for
trend). When dose was used in 2 logistic regression
model 2s a continuous variable, the slope was equiva-
lent to an increase of 12% (95% CI, 9%—15%) 1a the
estimared relative risk for every unit increase in the
dosc taken in the previous week. The relationship be-
tween dose corrected for body weight and estimated
relative risk was similar (data not displayed).

The cffect of age on dose respoase is illustrated 1n
Figure 2. In subjects aged 65 years or more, the odds
ratios were higher than in those aged under 65 years
for each interval of dose. However, the slope of the
dose response appeared similar in each age group.

The dose response relationship was differeat in men
and women. In men, the odds ratio did not increase
with dose (Figurce 3). In contrast, in women, the odds
ratio increased from 3.4 (1.8—6.2) with consumption
of less than 4 dose units in the previous week to 9.7
(5.5-17.3) with consumption of more than 7 dosc
units in this period (Figure 3). These relationships
were not altered when doses were corrected for body
weight (data not displayed).

Use of low dose aspirin formulations (=150 mg per
day) was associated with an odds ratio of 1.4 (95% CI
1.0-2.1), compared with 2.7 (2.0-3.5) with use of

Table 3. Doses of NANSAIDs Taken by Subjects in the Study

Mean 95% C{ Mean 95% Ct

Subjects n dose® formean n dose® formean
Males

Case patieats 115 8.1 7.0-9.1 107 0.104 0.090-0.118

Controls 143 7.5 67-83 134 0.101 0.089-0.112
Females

Case patients 137 8.4 7.6-9.3 110 0.134 0.118-0.151

Controls - 96 .7 59-7.6 85 0.110 0.090-0.129

*Average number of standard dose units consumed in the week be-
fore the index day.
*Average number of standard dose units/kilogram body wecght coa-
sumed in the week before the index day.
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Figure 2. Relationship between the doses of NANSAIDs consumed
in the previous week and odds ratios for upper gastrointestinal com-
plications. The upper fine describes the dose respoase in subjects
aged 265 years (W). The lower line describes the dose respoase in
subjects aged <65 years {A). The vertical bars indicate 95% confi-
dence fmits for the odds ratios. In this figure, the odds ratios are
unmatched and unadjusted. Nonuse of NANSAIDs was the reference
in all calculations.

nonlow dose formulations. Amoag subjects who had
consumed an average of 1050 mg.aspirin or less in the
previous week, irrespective of the formulation used,
the odds ratio was 1.6 (1.2~2.1), compared with an
odds ratio of 3.5 (2.3-5.3) with doses of 1200-2100
mg, 2.6 (1.0-4.2) with doses of 2250-4200 mg, and 3.3
(1.9-5.7) with doses of 4800 mg or above ia the pre-
vious week. In other words, there was no apparent
dose response curve with doses greater than 1050 mg
in the last week.

Duration of use proved important both with NAN-
SAIDs and aspirin. The odds ratio was substannall)
higher for current users who had started treatment in
the previous 4 weceks, 6.3 (95% CI, 3.5-11.3) than for
current users who had been raking the drugs for more
than 4 weeks, 2.5 (2.0-3.3). The equivalent figures for
aspiria were 4.2 (2.7-6.7) and 2.1 (1.7-2.8), respec-
tively. Use of NANSAIDs or aspirin which had ceased
before the moath before the index day was associated
with lower odds ratios: 0.9 (0.65-1.3) and 1.8 (1.2~
2.7), respectively. )

Importance of Route of Administration

Suppository formulagtions_had been used by 37
case patients and 7 controls. ch of the suppos:tor\-
using vasc patients and 1 of the suppository-using con-
trols took the suppositories in combination with an
oral formulation. The-average total number of dose
units taken by suppository-using patients in the pre-
vious weck was 12.8 (range, 2—28) compared with 7.5
(0.33-34.9) for patients who only used oral formula-
tions. The odds ratio for use of suppositories was 11.4

(95% CI,4.6-28.2) " In comparison, usc of NANSA[Ds
by the oral route only was associated wich an odds catio
of 2.3 (1.9-2.9).

Clinical Details of Patients

e .

Five hundred nincry-cight case fnticnts were
admitted with a prirary diagnosis of gastrointestinal
bleeding and 46 with ulcer perforation. In all, 827
lesions were reported. The distributions of these le-
sions were as follows: gastric ulcers, 300; duodenal
ulcers, 252; gastric or duodenal crosions, 124; csopha-
gitis, 83; esophageal ulcer, 15; Mallory Weiss tear, 22;
esophageal varices, 16; and anastomotic ulcers, 13.
The lesions thought by endoscopists or surgeoas to be
the primary source of complications are summarized
in Table 4. The most common sources were gastric and
duodenal ulcers. In all, 42 cases were thought to have
had definite clinical evidence of gastrointestinal bleed-
ing bur cither were not investigated because of their
age and/or general coadition or had no definice source
of bleeding found at endoscopy.

Importance of Site and Nature of
Complication

The odds ratio for perforation with use of
NANSAIDs was 6.1 (95% CI, 2.1-17.9), higher than
the odds ratio for gastrointestinal hemorrhage, 2.8
(2.2-3.5). However, the confidence intervals for these
odds ratios overlapped, and 2 similar pattern was not
seen with aspirin (Table 4). All perforations involved
either gastric or duodenal ulcers.

The odds ratios for complications categorized by the
sitc and the nature of the responsible lesion are given
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Figure 3. Relationships between doses of NANSAIOs consumed in
the previous week and ogds ratios for upper gastrointestinal compli-
cations. The upper line gescribe the dose response in females (W).
The lower line describes the dose response in males (A). The vectical
bars indicate 25% confidence limits for the 0dds tios. In this figure,
the 0dds ratios are unmatched and unadjusted. Nonuse of NANSAIDs
was the reference in all calculations.
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Table 4. Type of Complications. Site. and Nature of
Underlying Lesions and Estimated Relauve Risks
for NANSAIDs and Aspirin

NANSAIOS Aspinn
Type of complication
and undertying lesion N OR 95%Ct OR 95%Ct
Complication
Hemomhage 598 28 22-35 2.4 1.9-3.1
Perforation 46 6.1 2.1-179 14 0.54.0
Site of lesion
Gastric ulcer 2713 3.7 26-53 3.1 2.1-4.5
Duodenal ulcer 200 29 1845 26 1.7-3.9
Erosions 54 35 1.6-7.7 1.5 0.6-3.9
Esophageal lesions 65 0.7 0.3-16 2.1 1.043
Others® 52 1.0 0.1-73 0.2 0.02-2.6
Previous history of ulcer
No previous ulcer 355 3.3 24-46 38 2.8-5.3
Previous uicer 289 2.0 1.5-28 22 1.6-3.0
Recent history
Any abdominat pain 342 29 2140 2.4 1.7-3.3
None 242 26 18-39 21 1.5-30

*All odds ratios (OR) adjusted foc cigarette smoking and atcohol con-
sumption. _

*Anastamotic ulcer (n = 10) or no lesion seen, or investigation not
perormed (n = 42).

tn Table 4. The odds ratios for gastric ulcers were
shightly higher than those for duodenal ulcers both for
NANSAIDs and aspirin. The association between
bleeding from crosions of the stomach and duodenum
was significant for NANSAIDs but not for aspirin.

Bleeding from esophageal lesions was not associated
-with usc of NANSAIDs. In contrast, use of aspirin
appeared to be associated with an approximate dou-
bling of the risk of bleeding from this site. Bleeding
from anastomotic ulcers or unclassified lesions was not
significantly associated with use of either NANSAIDs
or aspirin.

Importance of Previous History

Three hundred fifty-five cases (55%) had no
past history of peptic ulceration. In this group, the
odds ratio for upper gastrointestinal complications
with use of NANSAIDs was 3.3 (95% CI, 2.4-4.6),
higher than the figure of 2.0 (1.5-2:8) in those who

had such a history (Table 4). A similar pattern was
seen with aspirin use.

Importance of “‘Silent” Ulceration

Three hundred nin\c:ty-eh'rcc cuses {61%) had no
history of epigastric pain in the week before the event
that resulted in hospitalization. The prevalence of “si-
lent” ulceration increased with age: 54% of those aged
<59 years; 62% of those¢ aged 60-79 years; 70% of
those aged 280 years. Using the lowest age group as
reference, the odds ratios (unmatched and unadjusted)
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for “silent’” ulceraton 1n the other age groups werc
1.4 (95% CI1,0.98-2.0) in the 60-79 vcar age group and
2.0 (1.2-3.4) in the =80 year age group. However, the
odds ratos for “silent” ulceration in users compared
with nonusers of NANSAIDs wgo€ not siganificancdly
incregsed in any age group: <59 yests, OR 0.93(0.46—
1.87); 60-79 years, OR 0.94 (0.61-1.45); 280 years,
1.3 (0.55-3.1).

Relative Risk With Individual Drugs

.- " The magnitudes of the estimated relative risks
with individual NANSAIDs showed considerable vari-
ation. The confidence intervals around the odds ratios
were wide and overlapping due to the relatively small

- numbers in some of the groups (Table 5). Piroxicam

was associated with the highest relative nisk, 4.7 (95%
CI, 2.6-8.4) and ibuprofen the lowest, 0.7 (0.3-1.5).
The average numbers of standard dose units consumed
by patients who had used each of the NANSAIDs are
also given in Table 5, as are the plasma half lives of
these drugs quoted in a standard text.”” When individ-
ual drugs were ranked by odds ratios, numbers of dose
units consumed in the previous week, and plasma half
lives, there was a significant relationship between the
odds ratios and half lives (Spearman rank correlation
cocfficient 0.643, P = 0.0S) but not between odds ra-
tios and average doses (r = 0.333, P > 0.05). Differ-
ences in the estimated odds ratios for the individual
drugs could not be explained on the basis of variations
in the age and sex distribution of users (data not
shown).

Discussion

This study contributes to the literature on risks
of 'drug induced upper gastrointestinal complications

Table 5. Estimated Relative Risks of Upper Gastrointestinal
Complications Associated With the Use of
Individuatl NSAIDs

Average dose Hatt
Name of Odds consumed by lite®
drug ratio 95% Ct using case patients® (hr)
Piroxicam © 48 2.6-8.7 6.5 S0
Ketoprofen© 3.6 2.0-6.6 113 8
Naproxen 2.8 1.8-4.3 17 14
Indomethacin 25 ~ 1.5-4.1 112 3
Sulindac 2.1 1.1-4.1 6.3 7
Diclofenac 1.7 1.1-2.5 5.5 1-2
Diflunisal 10 04-2.4 11.9 8-12
Ibuprofen - 07 0.4-2.4 a7 2

*Number of standard goses consumed in the week before the index
day.

*Estimates of plasma half lives given in standard reference.™
“Sustained release preparation; the figure quoted in the apparent elim-
ination half life (manufacturer's product information).
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in a number of ways. We found an appareatly lincar
increase ia estimated relative risk with increasing dose
of NANSAIDs. In contrase, a linear dose relationship
was not seen with aspirin, although low dose prepara-
tions used as prophylaxis for thromboembolic disease
appeared to be associated with 2 Jower risk thaa lacger
doses used for other purposes. Our study also showed
apparently additive risks when NANSAIDs were used
in combination with aspirin or when ecither type of
drug alone or in combination was taken wich signifi-
cant amounts of alcohol. We found a surprisingly high
relartive risk of ulcer complications with use of supposi-
tory formulations but were unable to confirm recent
claims that use of NANSAIDs is associated with an
increased risk of ‘silent’ ulceration in elderly sub-
jects. 031

The overall odds ratio for use of any NANSAID in
the previous week, 3.0 (95% CI, 2.3-3.8), is close to
the estimates from previously published case control
studies'™ but lower than those from several recent
studies.""® The largest study, that of Griffin et al.
from the United States, estimated an overall celative
risk of 4.1 (95% Cl, 3.5-4.7) and found a clear rela-
tionship between dose and level of risk.'* Griffin et al.
confined their analyses to subjects aged >65 years, so,
on average, their subjects were older than ours. How-
ever, our estimates of relative risk for men and women
>G5 years of age were close to theirs, and the overall
dose response relationships from the two studies were
similar.

Griffin et al. performed 2 case control study using a
population dara base that enabled them to draw large
numbers of controls from the same community as the
patients." In contrast, most of our controls were re-
cruited from the hospital. However, we found the prev-
alence of usec of NANSAID:s to be very similar in hospi-
tal and community controls. Somerville et al. made the
same finding.in a case control study in the United
Kingdom."! Furthermore, our estimate of use of these
drugs by subjects >65 years of age was confirmed by a
receatly published communicy prevalence study, sug-
gesting that it is unlikely that any bias was introduced
by combining the two control groups during the analy-
sis.B L

A limitation of most casecoierol studies is that they
only estimate relacive risks.and do not provide direct
estimates of incidencé rates or excess risks for exposed
subjects. In this study, we used intensive case-finding
methods to recruit patients from a defined commu-
nity. Relating the number of cases >65 years of age to
the cacchment populacdion, we estimate an annual hos-
pitalization rate of 174,/100,000. This is close to an
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estimate of around 200/100,000 we have previously
made for the population of the state of New South
Wales.?? It is also similar to the hospitalization rate in a
Spa nish community but is much—.owcr then estimates
for the U.S. population.'*' This may reflect a true
difference in the incidence of ulcer complicatioas, pac-
ticularly in U.S. Medicaid enrollees, or it may reflect
international differences in hospitalization policies for
individuals suspected of having gastrointestinal bleed-
ing.

From our estimates of relative risk, prevalence of
use of NANSAIDs, and incidence rates, we are able to
calculate an annual excess risk of hospiulization with
bleeding or perforation for users of NANSAIDs of
around 400/ 1.00.000. This is much lower than the ex-
cess risk auributed to use of NANSAID:s in an clderly
U.S. Medicaid population, buc the discrepancy is
largely due to the higher hospitalizaton rate in the
U.S. rather than differences in relacive risk or estimates
of prevalence of use of NANSAIDs.'* Despite this, the
ctiologic fraction (population attributable risk) in sub-
jects >G5 years for NANSAIDs of 34% was somewhat
higher than was calculated for 2 U.S. Medicaid popula-
tion of the same age (29%)." Our figures are also
higher than the estimates of 17% and 29%, respec-
tively, for Spanish and English populations with simi-
lar age distributions."'* This is due to the very high
levels of use of NANSAIDs in New South Wales. At
these levels, use of NANSAID:s, arguably, is a signifi-
canc public health issue for elderly Australians. In ad-
dition to the effects of NANSAIDs oa the upper gas-
trointestinal tract, these drugs are capable of inducing
functional renal impairment and congestive heart fail-
ure in susceptible individuals.®® Finding an appro-
priate balance of benefit and risk when using NAN-
SAID:s is difficult and requires a careful appraisal of
the needs and susceptibilities of the individual patient.
However, we have difficulty in believing that at any
pacticular time >20% of the elderly population in New
South Wales need to take one of these drugs. We think
that an appropriate public health response to this
problem is to try to reduce the prevalence of use of
NANSAIDs rather than coprescribing “protective”
agents such as prostaglandin analogs in an attempt to
reduce relative risk.* These should be reserved for
high-risk individuals who really need such medication
because of disabling symproms.3*

\X'e found that the estimated relative risk of gastroin-
testinal complicatiogs increased significantly with age.
This has not been az:onsrant finding in the literature,
although a recent mera-analysis concluded that the
summary odds ratio was significantly higher in sub-
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jects aged >G5 years than in those aged helow 63
vears.'” Qur data suggest chat the slope of the dose-re-
sponsc relationship is unaffected by age, although we
found higher odds ratios in older subjects in each dosc
interval. When considering the relationship between
age and the likelihood of gastrointestinal complica-
tions from these drugs, it must be remembered that rhe
reladive risk on s own is a relatively uninformative
statistic. The background risk of gastrointestinal
bleeding increases steeply with age, and the excess risk
from NANSAIDs is much higher in the elderly than in
young subjects, even when the relative risk is assumed
to remain coastant with age.'?

Our finding of 2 higher odds ratio in women than in
men has been an inconsistent finding in the litera-
ture.™*1¢ A recent meta-analysis found no sex-related
effect.’ The cxcess relative risk we found in women
was not due to their older age, being present in subjects
above and below 65 years. Women, on average, re-
ceived a higher dose of NANSAIDs per kilogram body
weight then men, but this did not seem ta explain the
full difference in their estimated relative risks. The
main factor appeared to be a2 much steeper dose-re-
sponse curve in women than in men. This does not
secem to have been reported previously, and at present,
we have no explanation for this finding.

The overall estimated relative risk associated with
the usc of aspirin, 2.4 (95% CI, 1.9-3.0), was a litde
lower than that associated with use of NANSAIDs and
comparable with estimates from two similar, but
smaller, case control studies.'*'? This is the first epide-
miological study to show that low doses of aspirin used
as prophylaxis against vascular thrombosis are also as-
soctated with an increased risk of serious gastrointesti-
nal complications, although it should be noted that
this result was only of marginal statistical significance.
In this work we were able to show that use of both
aspirin and NANSAIDs was independently associated
with upper gastrointestinal complications, and use of a
combination of these was associated with a higher risk
than cither type of drug used alone. The combination
of low-dos-c aspirin and NANSAIDs was apparenty
not associated with an additive effect, but the number
of users of the combination was small, and conse-
quently the confidence interval around the estimated
odds ratio was wide. We catmot tonfidently exclude an
additive effect from these-data. “Previous work had
shown that the risk of upper gastrointestinal compli-
cations with use of NANSAIDs was unlikely to be
confounded by usc of aspirin but had not tested for an
interaction between these drugs.™

Although aspirin is associared with ahigher race of

acute mucosal injury than NANSAIDs, when gnven .
normal volunteers,™ its overall IMPOrEance as a cause
of serious G1 complications in the Austrahian commu-
nity seems to be less. The main reasoa is thar, as our
data thow, aspirin tends to be used in relatively low
doses, and consumption is not so age-dependent as
with NANSAIDs. Our dara suggest thar in subjects
>65 years of age in New South Wales aspirin, overall,
is responsible for around 20% of hospitalizations from
upper gastrointestinal complications, compared with
34% due to NANSAIDs. :

Some of the new information from this study is of
potential clinical significance. In the case of NAN-
SAIDs, we found a higher relative risk for perforation
than for gastrointestinal bleeding. Despite our inten-
sive case finding, we may have missed padents with
ulcer perforation who were managed in small regional
hospitals. As 2 result, the number of patients with
ulcer perforation in the study was lower than expected,
and the confidence interval around the estimated rela-
tive risk was wide. However, other studies have also
documented increased relative risks for ulcer perfora-
tion, and a summary estimate for this complication
was higher than for gastrointestinal bleeding.!**'—*
However, most of the epidemiological studies have
been of poor quality, and the inherent biases are likely
to have resulted in overestimation of the relative risk,
making any conclusions regarding any true differences
in the strengths of the associations teauous.'” Even if
the relative risk for perforation is higher, both from an
individual and public health standpoint, gastrointesti-
nal hemorrhage is more important because it is a com-
moner condition.

The celative risk for gastric ulcer complications was
slightly higher than that for duodenal ulcers. This con-
firms the findings of several previously published stud-
ics. 1161419 The present study does not answer the ques-
tion of whether the drugs are primarily ulcerogenic or
cause pre-existing ulcers to bleed or perforate.

Although we did not find a higher relative risk of
ulcer complications from NANSAIDs in those with 2
prior history of peptic ulcer than in those who did not
have such a history, this finding requires careful inter-
pretation. We did not control for past history of ulcer,
and it is possible that subjects with such a history had
been warned against taking NANSAIDs and aspirin.
This would have had a greater impact in case patients
than in controls and might have led to underestima-
tion of the relative risk. Previous studies from Austra-
lia showed that sulfjects with a prior history of ulcers
were likely to switch from aspirin to pamcctamol.‘“
The other eonsideration is that subjects with a prior
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history of ulcer have a much higher subsequent inci-
dence of ulcer complicarions than those who do not.
Consequently, even a modest increase in the relative
risk will result in a substantial excess risk for such
individuals.

Despite the strength-of evidence linking aspirin and
NANSAIDs to acute mucosal damage in the upper GI
tract, previous epidemiological studies have not docu-
mented the strength of the relatonship between use of
the drugs and serious hemorrhage from erosions in the
stomach and duodenum. This study suggests that the
association is significant but no stronger than for
ulcers of the stomach and duodenum. Furthermore,
gastroduodenal erosions were a relatively infrequent
cause of bleeding in this series, and the importance of
this €ntity has probably been exaggerated.

An association between use of aspirin, NANSAIDs,
and damage to the lower esophagus has been suggested
in two previously published studies of esophageal stric-
wre. ¥ We found an association between use of
aspirin and bleeding from the esophagus, but NAN-
SAIDs were not associated with damage in this area.

Superficially, the strength of the association be-
rween use of suppository formulations of NANSAIDs
and the development of upper GI complications seems
surprising, considering that these preparations tend to
be used in the belief that they cause less mucosal dam-
age than oral formulations. However, the finding is
not unexpected given that suppositories contain high
doses of drug and are sometimes combined with an
oral preparation. Because some NANSAIDs are fairly
well absorbed by the rectal route,* the resulting total
systemic dose may be high, thus increasing the risk.
However, the high estimated relative risk with supposi-
tories could not be explained by dosage alone. Supposi-
tories scem to be recommended for patients who have
been intolerant of oral forms and who are therefore
likely to be at higher thaa average risk of serious com-
plications. The importance of these results is not so
much that they point to an intrinsically high risk from
suppositories but that they indicate that these prepara-
tions seem to be used in dangerous situations.

We were unable to confirm a previous report that
NANSAID:s, due to their analgesic action, reduce the
warning symptoms of peptic ulceration.*® Although
the epidemiological evidence -has been weak there
have been some confident assertions that “silent ulcer-
ation” is a risk with these drugs.?' Skander and Ryan
found a lower prevalence of abdominal pain among
elderly individuals with endoscopic evidence of ulcer-
ation who had been using NANSAIDs chan in non-
users.” However, in vounger patieats, symptoms were

..
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similar 1n users and-nonusers. The present study,
which is the largest investigation of this relationship,
included uniform ascertainmenc of prior symptoms in
a toral of 644 patients hospitalized with upper gastroin-
testinal complications. Although the prevalezice of
epigastric pain declined with increasing age, within
cach age group symptoms were as common in those
who had taken NANSAID:s as in those who had not.

The question of whether certain members of the
NANSAID class are associated with a significantly
higher relative risk of upper gastrointestinal complica-
tions than others cannot be answered definitively by
any single study performed to date.'""' Concerns
have been voiced that piroxicam, a long-acting agent,
might be associated with a higher risk than shorter
acting drugs.*'*? However, these assertions were based
on uancontrolled data. A recently published meta-anal-
ysis of epidemiological studies concluded that the
pooled relative risk with piroxicam was the highest of
five NANSAIDs tested.' The meta-analysis did not
include the studies of Laporte et al. and Griffin et
al."3 The former found piroxicam to have the highest
relative risk of five NANSAIDs, whereas the latrer
found it ranked third of eight drugs studied. In this
work, the relationship we found between the plasma
half lives of the drugs and the estimated relative risks
was interesting but only of marginal statistical signifi-
cance. However, taken together with other studies the
data reinforced the concern about piroxicam. In view
of this, concern should perhaps be extended to use of
other long-acting drugs by elderly subjects.

In conclusion, the work we have presented here
suggests that a number of factors ranging from the
characteristics of individual patients to dose, route of
administration, choice of individual agent, and con-
comitant consumption of aspirin and alcohol can sig-
nificantly affect the risk of major upper gastrointesti-
nal complications for users of NANSAIDs. These
factors need to be considered when individual pre-
scribing decisions are made.
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VARIATION IN THE RISK OF PEPTIC ULCER
COMPLICATIONS WITH NONSTEROIDAL
ANTIINFLAMMATORY DRUG THERAPY

R. L. SAVAGE, P. W. MOLLER, C. L. BALLANTYNE, and J. E. WELLS

Objective. To assess the risk of perforation or
hemorrhage of peptic ulcer on treatment with noaste-
roidal antiinflammatory drugs (NSAIDs), both as a class
and as individual agents.

Methods. A case—control study of medication his-
tories in 494 patients and 972 matched control subjects.

Results. The increase in risk (odds ratio) with
NSAID therapy was 5.1 times the risk in controls. The
odds ratio for piroxicam was 6.3 (95% confidence
interval {CI] 3.3-12.0), as compared with 2.9 for di-
El_gfe_nac, kemfen, and sulindac combined (95% CI
2.0-4.2). The effect of other risk factors was also
considered, and the adjusted odds ratios were 4.1 for all
NSAIDs, 6.4 (95% CI 2.8-15.0) for piroxicam, and 3.3
(95% CI 2.0-5.5) for diclofenac, ketoprofen, and sulin-
dac combined.

Conclusion. The estimate of overall risk of peptic
ulcer complications with NSAIDs is similar to that found
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in other studies. There appear to be differences in risk
between agents.

It is well known that treatment with nonsteroi-
dal antiinflammatory drugs (NSAIDs) is associated
with unwanted gastrointestinal (GI) side effects. Ret-
rospective studies have suggested that NSAIDs are
associated with an increased risk of perforated peptic
ulcer (1,2), and case~control studies have shown a risk
factor of 24 for hemorrhage of peptic ulcers (3,4) in
patients aged 60 years and over. Data from the UK
Comumittee on Safety of Medicines (5) showed that for
the NSAIDs currently available in New Zealand,
reports of GI reactions ranged from 21 to 75 per million
prescriptions.

To ascertain the relative risks with the varous
NSAIDs, a case~control study of hemorrhage and
perforation of peptic ulcer was begun early in 1986.
The aim of this study was to confirm an increased risk
of complications of peptic ulcer with NSAIDs and to
determine whether there are significant differences
between the available agents.

PATIENTS AND METHODS

Selection of patient population. It was estimated that
to detect a 3-fold underrepresentation or a 2-fold over-
representation in the case group of individual NSAIDs
having 15% or more of the market share, and assuming an
overall increase in risk of 3-fold, the study would require 450
index patients and 900 control subjects (e = 0.05, 8= 1 —
0.8). To this end, patients in Christchurch and surrounding
areas (population 350,000) who were admitted to the hospital
because of GI hemorrhage or possible perforation were
identified within 24 hours by cither the admitting diagnosis or
the findings after admission. All such cases are admitted to

€
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the public hosputal, and the admituing office and acute care
wards were visited daily by our anurse interviewer. {f ulcers
were found at endoscopy, surgery, or postmortem. the
subjects were identified as index cases. Patients with gastai-
tis or ecrosions, as defined by Maratka (6), were analyzed

separately. The 2 patients in the .acutc-admission register -

who most closely matched the index patient by sex and age
(within 5 years) were chosen as controls. For a smail number
of cases at the extremes of the age range, age matching was
extended to 10 yecars. Medication histories, with particular
reference to NSAIDs, were obtained during hospital admits-
sion from those patients who consented.

Pauents were unaware of their status as “*case™ or
**control.”” Observer bias was reduced by using a standard
interviewing questionnaire for both the index patients and
the controls. Information was requested on drug use in the
past year, including over-the-counter (OTC) preparations,

and use of tobacco and consumption of alcohol. Ibuprofen-

became available as an OTC preparation during the study,
but only 2 patients used it. Eighty-nine index patients (18%)
and 153 controls (16%) could not be interviewed, so we
assessed general practice records, referral letters, notations

of drugs the patients brought when they were admitted to the
" hospital, and hospital records for study information.

Perforation and hemorrhage of peptic ulcer were
chosen as selection criteria because they are clearly defined
problems necessitating admission to the hospital. Sampling
bias was avoided because all such patients are admitted to
our public hospital group, and therefore, all were assessed.
Potential index and contro! patients who had bleeding disor-
ders or were taking anticoagulants were not included. Ex-
cluded from the control group were patients with histories of
peptic ulcer or bleeding, since these are contraindications for
NSAID use, and patients with myocardial infarction, be-
cause of the negative association with long-term aspirin use.

QOur approach was consistent with Feinstein's sug-
gestion that patients with a range of diagnoses should be
used in studies of this nature (7). Community coatrols may
be a more “*ideal™ group, but would raise logistic problems.
Also, the case—coantrol study by Somerville et al (3) showed
a similar prevalence of NSAID use by community and
hospital controls. To confirm that our coatrol group reflected
the proportional use of NSAIDs in the commuaity, comput-
erized sales data for the individual NSAIDs were requested
from retail pharmacies in Chrstchurch. Those supplying
approximately 10% of the local market provided data.

Statistical analysis. Use of NSAIDs, paracetamol,
aspirin, alcohol, or tobacco during the week prior to hospital
admission was defined as “‘current use,”” regardless of the
amount or the duration. “*Regular use™ of paracetamol or
aspirin was defined as use on 2 or more days each week for
1 month or more. This “*regular use'* criterion was applied to
current users of paracetamol and aspirin, so that overesti-
mation of risk, which would occur if analgesics were taken
for symptoms of peptic ulcer, would be avoided.

The frequency and quantity of alcohol intake were
multiplied to obtain the average number of alcoholic drinks
per week, which was converted't6 grams using the known
alcohol content of standard New Zealand drinks (8). Explo-
ration of the effects of various cutpoints. i.c., different levels
of alcohol intake, showed where increased risk became

/.,—day were exarmined. . .
0dds ratios. All odds ratios, obtained by comparing

significant. Patients whose notes indicated alcoholism were
included in the high-intake group. Smoking was defined as
“‘occasional* or *‘regular,’” and the number of cigarettes per
day was recorded. Risks above and below 20 cigarettes per

the proportion of index and control patients exposed to each
variable, were calculated on matched data. For uncommon
disorders, the odds ratio approximates relative risk. Where
the lower limit of the confidence tnterval ts above 1, the
increase in risk is significant. The methods for the statistical
analysis of matched case—control triplets (1 case patient and
2 control patients) are those described by Brestow and Day
9). The ctiologic fraction, a measurc of the proportion of
cases attributable to NSAIDs, is derived from the preva-
lence of the vanable in the control group and from the odds
ratio, as described by Schlesselman (10). The BMDP
survival-analysis program 2L was used to estimate odds
ratios by conditional maximum likelihood analysis (11,12).
This program was able to cope with a variable number of
controls per case, as occurred when there were missing data.

First, the odds ratios were calculated separately for
cach varable. Then the odds ratios for all 5 covanates—
NSAIDs, aspirin, paracetamol, alcohol, and smoking—were
adjusted for each other by entering them into a joint model
which was fitted by conditional maximum likelihood. This
was repeated in an expanded model including tndividual
NSAIDs as covanates. For comparison amoag NSAIDs. the
r-test for unequal varances was carried out on the coeffi-
cients and standard errors estimated in BMDP 2L.

RESULTS

A total of 494 index patients and 972 matched
control patients were entered into the study. There
were 478 matched triplets and 16 cases with 1 matched
control each. Another 33 potential index patients and
their controls were not entered, 10 because of uncer-
tain diagnosis, 12 because of inadequate medication
histories, 10 because they did not want to participate,
and 1 because an overdose of piroxicam had been
taken. A further Il patients with peptic ulcers at
endoscopy were excluded because they were taking
warfarin or had a coagulopathy. Thus, the study
cohort consisted of 1,466 patients and controls.

The odds ratio for hemorrhage or perforation of
peptic ulcer with current NSAID use was 5.1 (95%
confidence interval {CI} 3.8-6.8), with 40% of index
patients (n = 198) and 13% of controls (n = 126) tak-
ing NSAIDs. The etiologic fraction showed that 30%
of cases could be attributed to NSAIDs. The odds
ratio for those who were also regular users was simi-
lar, at 5.0.

Characteristics of control patients. Control pa-
tients had a wide range of diagnoses requiring acute
admission. Broadly grouped, there were 274 surgical,
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515 medical, and 183 orthopedic (173 accident) pa-
tients. The prevalence of NSAID use was 12%, 11%,
and 21% respectively.

Effects of characteristics of index patients. Hem-
orrhage and perforation. Thirty-nine percent’ of the
407 paticnts admitted because of hemorrhaging of a
peptic ulcer were taking NSAIDs and the odds ratio

was 5.2 (95% CI 3.6-7.0) for NSAID use in this group,
compared with 5.2 (95% CI 2.6-10.3) for the 87 pa-.

tients with perforation.

Gastric and duodenal ulcers. Two hundred
eighteen index patients (44%) had gastric ulcers, 237
(48%) had duodenal ulcers, and 39 (8%) had both.
Odds ratios for gastric and duodenal ulcers were 5.9
(95% CI 3.8-9.3) and 4.9 (95% CI 3.2-7.7), respec-
tively.

Previous ulcers. Of the 460 index patients who
were able to answer the question, 35% had expeni-
enced previous peptic ulcers or GI bleeding. Tweaty-
five percent of these were taking NSAIDs. Among
patients with no previous history of peptic ulcer, 49%
of the cases were taking NSAIDs, giving an odds ratio
of 6.7 (95% CI 4.6-9.6).

Deaths. Forty-four (9%) of the index patients
died; 14 (32%) of them were taking NSAIDs. There
was no significant difference in mortality rates be-
tween index patients taking NSAIDs (7% of 198 pa-
tients) and those not taking NSAIDs (10% of 296
patients).

Effects of age and sex. The age range of index
patients was 19-98 years; 220 were female and 274
male. There was no difference in risk between males
and females (5.1). Of the 164 index patients aged <65,
27% were taking NSAIDs, compared with 10% of their
age-matched controls, giving an odds ratio of 3.2 (95%
CI 1.9-5.4). In contrast, the risk in patients aged =65
was 6.2 (95% CI 4.3-8.9), with 47% of the 330 index
patients and 14% of controls taking NSAIDs. Seven-
teen percent of the older female control patients were
taking NSAIDs, compared with 1% of the older males
and 10% of the younger male and female controls.

_ Other risk factors. There was a significant in-

crease in risk of hemorrhage or perforation (3.1) with
current regular aspirin use above the modal dosage of
300 mg daily. There was no significant increase in risk
for regular low-dose aspirin (<300 mg/day) (1.3; 95%
CI1 0.8-1.9). Similarly, there was a significant increase
in risk for regular paracetamol-use (3.6) above the
modal dosage of 1,000 mg daily, but not for regular
use at or below 1,000 mg daily (1.2; 95% CI 0.7-2.1)
(Table 1).
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Table . Risks of perforation or hemorrhage of peptic ulcer on
treatment with aspinn and paracetamol®

Odds 95%
Cases Coatrols ratio CI
Aspirin use e
No. with compiete data 407 830
Curreat, regular
<300 mg/day 33 50 1.3 0.8-1.9
>300 mg/day 37 25 3.1 1.8-5.1
Pacactamol use
No. with complete data 386 795
Current, regular
=<1,000 mg/day 21 42 1.2 0.7-2.1
>1,000 mg/day 40 28 3.6 1.96.2

* See Patieants and Methods for definitions of cases and controls as
well as of current and regular use. Cl = confideace interval.

A dose—response relationship with alcohol was
found, with odds ratios relative to abstainers of 1.2,
1.6, 2.6, and 3.2 for weekly alcohol intake of 1-149 gm,
150-244 gm, 245-349 gm, and =350 gm, respectively.
The odds ratios became significant at 245-349 gm/
week, 1.e., approximately 5 drinks/day. Regular smok-
ing was associated with a small but significant increase
in risk, which was not related to the reported number
of cigarettes consumed daily.

Table 2 shows the number of index and control
patients exposed to each of the 5 risk factors. The
univariate odds ratio for each risk factor and the
adjusted odds ratio for the risk factors as covariates
are shown. In the combined model, all the odds ratios
were a little lower, but remained significant, including
that for paracetamol. Although there was more use of

Table 2. Prevalence and odds ratios for risk factors*

No. (%) No. (%) 0dds ratio (95% CI)
of of

Risk factor cases controls Unadjusted Adjusted
NSAID use curreat 199 125 5.1 4.1
(40) (13) (3.8-68) (2.8-59)
Aspirin use current, 37 25 31 2.8
regular >300 mg/day %) 3 (1.8-5.1) (1.4-5.5)
Paracetamol use 40 28 3.6 2.6
current, regular (10) (4) (1.9-6.2) (1.3-5.0)
>1,000 mg/day
Alcohol use current 70 60 3.0 2.4
>245 gmiweek (s) W) 2.0-47) (1.4-4.0)
Smoking current, 121 71 1.7 1.4
regular (26) (19) (1.2-2.2) (1.0-2.0)
*a = 1,461 for nonsteroidal antiinflammatory drugs (NSAIDs).

1.237 for aspirin, 1,181 for paracetamol, 1,351 for alcohol, 1,395 for
smoking in the unadjusted data. For the adjusted data, n = 972
{triplets removed if data missing for the case or both controls). See
Paticnts and Methods for definitions of cases and controls as well as
current and regular usc.(Cl = confidence interval.
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paracetamol in those taking NSAIDs, the effect of
paracetamol did not disappear when adjustment was
made for NSAID use.

A further model was constructed in_which cur-
rent use of ulcer-healing agents and d)épcpsia were
entered with paracetamol. The odds ratio for parace-
tamol remained at 3.6, showing that the effect was not
due to its preferential use where there were symptoms
of ulcer disease. It was not used preferentially by
those with a previous history of peptic ulcer.

All 2-way interactions between the 5 risk fac-
tors in Table 2 were investigated. Two could not be
estimated, and the remaining 8 were not significant,
either individually or jointly. Interactions between the
S risk factors and male or female sex were also not
significant, but there were significant interactions be-
tween age and paracetamol, age and alcohol, and age
and smoking. However, the interactions were small,
difficult to interpret, did not involve NSAIDs, and so,
are not reported.

In the maximum likelihood model shown in
Table 2, the problem of missing data was approached
in 2 ways. First, a variable “‘missing-x"" was created if
data for any of the 5 covanates were missing. The odds
ratios for all of these missing vanables were not
significant, which shows that there was no disparity
between cases and controls in terms of missing data.
The second method was to include all the missing data
in the analysis, with individual covariates coded “*0"" if
missing. This analysis yielded similar but slightly
higher odds ratios than for the model shown in Table 2,
except for smoking, which just became nonsignificant.

Individual NSAIDs. The proportional use of
individual NSAIDs by our hospital control patients is
compared with community dispensing in Table 3.
Where a patient was taking 2 or more NSAIDs, these
were counted separately (6 cases and 4 controls).
Table 4, column 1, shows the unadjusted odds ratios
for the individual agents. There was a doubling of risk
with piroxicam, 6.3 (95% CI 3.3~12.0), compared with
diclofenac, ketoprofen, and sulindac as a group, 2.9
(95% CI 2.0-4.2) (P < 0.05). The small number of
control patients taking indomethacin and ibuprofen
gave unstable estimates of risk, as shown by the wide
confidence intervals for indomethacin. This made
comparison more difficult. They are included in Table
4 to show the extremes of the range. Furthermore,
ibuprofen was used in low deses-that were not equiv-
alent to the antiinflammatory doses of the other agents
and could not validly be compared with them.

The center column of Table 4 shows the odds

Table 3. Hospital and commuaity use of individual nonsterotdal
antiinflammatory drugs (NSAIDs)

No. of NSAIDs taken
by hospital patients

7 . (%of total NSAIDs) % of dnses

from

Cases Controls commuunity

(n = 198) (a = 126) pharmacies
Diclofenac 38 (19) 26 20) 19
Ibuprofen 6 (3) 10 (8) 10
Indomethacin . 19 (9) 5@4) 7
Ketoprofen 21 (10) 16 (12) 14
Naproxen 37 (18) 21 (16) 14
Piroxicam 40 (20) 13 (10) 12
Sulindac 24 (12) 22 (17) 12
Other (n = 6) 20 (10) 16 (13) 12
Total. 205 (100) 129 (100) 100

ratios for patients with complete data on all covariates,
as they compare with the data in column 1. Column 3
shows the outcome of adjusting for covanates. The
increased odds ratio for sulindac could be explained by
missing data. The altered risk with naproxen was due
to significantly fewer smokers among the control pa-
tients who took naproxen than among the other con-

Table 4. Risk of perforation or hemorrhage of peptic ulcer on
treatment with NSAIDs, assessed individually*®

Column 1: Column 2: Column 3:
Qdds ratios, Odds ratios, QOdds ratios,
unadjusted, unadjusted, only  adjusted for
all patients for paticats in all covanates
95% CI) col. 3 (95% CI) (95% CI)
No. of patients 1,461 973 973
Diclofenac 3.0 2.5 33
(1.8-5.4) (1.3-4.8) (1.66.9)
[buprofen 1.2 1.5 19
(0.4-3.2) (0.3-4.4) (0.5-6.5)
Indomethacin 7.3 6.9 13.9
(2.7-9.5) (3.6-24.5) (3.3-57.8)
Ketoprofen 2.6 2.2 2.4
(1.4~5.0) (1.0-5.0) (1.0-5.9)
Naproxen 3.6 3.4 5.1
(2.1-6.3) (1.7-6.8) (2.4-11.1)
Piroxicam 6.3 5.4 6.4
(3.3-12.0) (2.4-12.0) (2.8-15.0)
Sulindac 23 3.5 3.6
(1.3-4.3) (2.2-8.2) (1.4-8.9)
Other (n = 6) 2.4 2.6 23
(1.24.8) (1.1-6.4) (1.4-6.1)

* NSAIDs = nonsteroidal antiinflammatory drugs; CI = confidence
interval. See Results fzr details.
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Table 5. Percentage of nonsteroidal antiinflammatory drugs
(NSAIDs) taken at more than the maximum recommended mainte-
nance dose (MRMD)

No. with dose
s data % atdve MRMD
NSAID ’ -
(MRMD, in mg/day) Cases  Controls Cases Controls
Diclofenac (150) 32 19 19 5
{buprofen (1.600) 5 9 - -
Indomethacin (10Q) 13 S 30 20
Ketoprofen (200) 19 13 5 8
Naproxen (1,000) 13 16 3 6
Piroxicam (20) 35 13 17 15
Sulindac (400) 18 18 5 0

trols. The small numbers of patients taking indometha-
cin allowed nonsignificant inequalities in covariate
exposure to have a large effect. The difference in risk
between piroxicam, 6.4 (95% CI 2.8-15.0) and di-
clofenac, ketoprofen, and sulindac, 3.3 (95% CI 2.0-
5.5) did not reach significance. However, because of
missing data, the power to find a 2-fold difference
between NSAIDs as stated in Patients and Methods
was reduced to just over 70%.

Table S shows the percentage use of each agent
above its maximum recommended daily maintenance
dose. This occurred more frequently for diclofenac,
indomethacin, and piroxicam.

In index patients, a past history of peptic ulcer
was not significantly related to individual NSAID use,
except for diclofenac and piroxicam. These 2 drugs
were prescribed less often for patients who had previ-
ously had ulcers.

Gastritis and erosions. There were 71 other
index cases with hemorrhage from gastritis or ero-
sions; 15.7% of the cases and 16.4% of the controls
were taking NSAIDs. The odds ratio was 0.9 (95% CI
0.3-2.5).

DISCUSSION

Our results confirm an increased risk of 5.1

(95% CI 3.8-6.8) for hemorrhage or perforation of
peptic ulcer with NSAID therapy, which is consistent
with reported increased risks of 3.8 for hemorrhage of
peptic ulcer (3) and 4.7 for deaths due to peptic ulcer in
the elderly (13) in association with NSAIDs. In con-
trast, a relative risk of only 1.5 for upper GI bleeding
(1#) and 1.4 for gastrooesophageal bleeding in the
“elderly (15) have been reported for NSAID use. The
odds ratio for hemorrhage from gastritis and erosions
was 0.9 in the present study. This is much less than the
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odds ratios for peptic ulcer complications and suggests
that NSAIDs are associated with the development of
more significant gastroduodenal pathology.

The lack of risk with a regular daily aspirin
intake of 300 mg or-less confirms similar reports in the
literature. These doses are now widely used for their
antithrombotic effect. The lower overall risk with
aspirin compared with NSAIDs is not unexpected,
since these were usually not antiinflammatory doses.
Similar risk estimates have been reported by Faulkner
et al (16).

Mclntosh et al (17) found an increased risk with
paracetamol, which they attributed to its use for
dyspeptic symptoms. Our finding of an increased risk
with paracetamol at regular daily doses of >1,000 mg
was not accounted for by previous peptic ulcer, dys-
peptic symptoms, or-by its concomitant use with
NSAIDs. It is possible that people with pain suffi-
ciently severe to require this level of analgesia have an
associated increased risk of peptic ulceration. On the
other hand, the weak inhibition of cyclooxygenase by
paracetamol might be a predisposing factor.

Over several years, evidence has been pre-
sented of an increased incidence of adverse GI reac-
tions with piroxicam treatment. Rossi and coworkers
(18), using data from the US Food and Drug Admin-
istration, showed that the incidence of bleeding, per-
foration, or ulcer per million prescriptions was 6.52 for
piroxicam, 3.56 for sulindac, and 3.11 for naproxen.
However, it was suggested that if piroxicam is more
ulcerogenic, then *‘differences of the magnitude sug-
gested are probably outside the ability of spontaneous
reporting systems to investigate further and measure
with any reasonable degree of scientific certainty™
(18). The Committee on Safety of Medicines (S) re-
ported that piroxicam was associated with 58.7 GI
reactions per million prescriptions, compared with
33.2 for ketoprofen, 32.8 for naproxen, 23.9 for sulin-
dac, and 20.9 for diclofenac. However, they concluded
that *“it is not yet possible to determine whether the
apparent differences between these drugs are due to
their toxicity or to confounding factors and reporting
bias"’ (5). More recently, Laporte et al (19) showed in
a large case—control study from Spain, an increased
risk with piroxicam compared with 3 other NSAIDs.
Our study supports these differences between
NSAIDs.

Several reasons for the findings of greater risks
with particular agents have been suggested. Avila et al
(20), in a controlled study, found that patients already
taking cimetidine (Ncre more likely to be prescribed
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one of the newer NSAIDs (e.g., piroxicam and sulin-
dac) than patients who were not taking cimetidine. Our
study did not show a preferential use of any NSAID
for patients with a history of peptic ulcer.

/in a ‘record-linkage study in which data on
NSAID usage and upper GI bleeding were derived
from Medicaid billing records, Carson et al (21) sug-
gested that the use of sulindac at 93% of the maximum
recommended daily dose, compared with 65% for
phenylbutazone and 49% for indomethacin, might ex-
plain their findings of an increased risk of GI toxicity
with sulindac but not with phenylbutazone or indo-
methacin. Comparing risks on this basis, however,
may not be valid because of the arbitrary nature of
maximum recommended maintenance doses and the
implicit assumption that the agents have dose-
response curves: for both efficacy and side effects
which are similar. In our study, 95% of ‘‘case’ pa-

tients taking ketoprofen, naproxen, or sulindac were at
" or below the maximum recommended dose, whereas
only 81% of ‘‘case’ patients taking diclofenac and
83% taking piroxicam were at or below this dose.

[t has been suggested that there is a greater risk
of perforated ulcers in women taking NSAIDs (1,22).
Our results show no difference in the nsk of hemor-
rhage or of perforation of peptic uicer in older women
than in older men. Hemorrhage and perforation attrib-
utable to NSAID use occur in more women than in
men, however, because there are more women than
men take NSAIDs. Thus in this study, based on the
etiologic fraction (see Patients and Methods), 46% of
ulcer hemorrhages and perforations in older women
couid be attributed to NSAIDs compared with 30% of
those in older men.

Assuming that NSAID use in the control group
reflects NSAID use in the community, we can at-
tribute to NSAIDs approximately 0.9 deaths/100,000
population/year from hemorrhage and perforation of
peptic ulcers. This value s just above the estimate of
0.5-0.7 deaths/100,000 population/year in Henry and
coworkers’ study of a New South Wales population (4).

Since many musculoskeletal disorders require
prolonged therapy, the issue of side effects is of central
importance. Our results suggest that the elderly are
more at risk of hemorrhage or perforation of peptic
ulcer than are patients younger than 65. We have
demonstrated that 3 NSAIDs, diclofenac, ketoprofen,

and sulindac, have similar risk and that this risk is -

lower than that of piroxicam. The data also suggest
. that paracetamol may not be without risk.
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